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PREFACE 
A sequence of absorber calculations was adapted for use on the 
650 IBM Digital Computer. The calcu.lations evaluate the performances 
of non-reboiled gas absorption colm1u11s. '!'he pro@;ram developed, it 
is hoped, will :prove to be an asset to11vard the understanding of ab-
sorber tower variables and solvent requirements. 
'I'he direct counseling and gr;uidance given by Dr. Uobert N. Maddox 
and his staff is g;reatly a1J1Jpreciated.. 'l'he author wishes to thank 
John H. Erbar for his assistance durin/f!: prog;ram check-out. 
Also, the author wdshe,s to thank the Graduate School for the 
graduate assistantship received and the National Science fi'oundation 
for the fellov.rsldp grant received duri11ti{; the Summer of 1'95!;-). 
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CHAPTER I 
THE PROBLEM 
Statement of The Problem 
One well-established industrial application of mass transfer 
phenomena is the separation of desirable products from multi com-
ponent systems by gas absorption. The importance of gas absorption 
was first realized by the chemical industries where it was utilized 
to obtain such products as oxides of nitrogen, chlorine, and hydro-
chloric acid ( 1). Al though gas absorption has maintained an impor-
tant position in the che1nical field, it has obtained even greater 
importance in the petroleum industry. ~~i th increasing demands placed 
on petroleum companies for economical production of gasoline and 
pure· petroleum products, gas absorption has become one of the primary 
tools of the industry. 
Gas absorption equii:1ment can be classified as two.general types, 
multistage and continuous-contact towers. The multistage type con-
sis ts of towers containing a finite nwnber of trays (bubble-cap, 
sieve, or similar types). These trays promote turbulent contact of 
liquid and gas. 'l'he liquid and gas streams are separated during 
movement between trays. Packed a:nd spray towers comprise the second 
type. In these towers, the gas and liquid are in continuous contact. 
As a result, the respective composi tionf of, the fiqui!d and\ vapor 
' phases change throughout the towers. 
1 
2. 
ApJ::ilication of cligi tal com1:nrters to engineerin.g JJiroblems has 
provided the ]Jrocess engineer with a Ineans that has JJiartially re-
.. 
moved the time element required to obtain acceptable solutions to 
engineering; problems. Al thout~;h the digital computer does not lend 
its elf' to [~raphical treatments, it does JJrovide satisfactory ma the= 
matical analysis of not only stra.i~~ht forward solutions but also 
those involving trial and error. 
r11wo accepted short-cut mathematical treatments used in gas ab-
sorption analysis are the Kremser-Iirown ( 7) and Ed:miste1.~ ( 3) methods o 
Each method involves the conce:pt of tlle ''theoretical plate 11 and the 
assum]1'tion of equilibrium. between the gas ,and liquid. :phases on each 
theoretical :p,late. 'l'he Kremser-Brown method utilizes an averag;e 
absori::ition factor in its perfor1mance analysis" 'l'he average absorp= 
tion factor is obtained by dividing; the L/V ratio ( total liquid to 
total vai:ior) by an equilibrium constant determined at average tower 
conditions o The Edmister method e,cpresses tm'1rer perform,ance as a 
function of effective absorption factors" 'l'hese factors are defined 
as functions of condl.i tions existing; on the toJp 1;11.nd bottom tbeor<~ti-
cal plates of the tower. 
'l'he primary pur]JJOS e of this invest tion was to adapt the 
Kremser-Brot'ITll and Ed.mister methods f'o1" use on the 6150 !]3M Digi ta.l 
Computer. 'l'hi.s program was to provide :perfor1:nance analys1es o:f non-
reboiled gas absor]Pition tovv-ers. A secondary rnn•p1ose was to evalu"'." 
ate the performance of the re,~mltin@; :rprogram by com:parison of digi":" 
tal computer calculations ·with actual industrial test run dla.ta" 
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Limitations of Research 
The program for the cmnputer is restricted in the follovdng 
manner: 
(1) The program calculates solvent oil requirements and pro-
duct stream compositions of a non-reboiled straight-run 
absorber without intercooiers. 
(2) Th.e program capacity is a rich gas and lean solvent oil 
composed of a maximum of twenty different components. 
(3) The lean gas temperature is fixed by the input data and 
the rich oil tem:perature calculated by heat balance. 
CHAP'l'ER II 
REVIEW OF LITERATURE 
A nui.nber of methods have been develo:ped or proposed that can 
be used to evaluate performance of absorption towers or to design 
new absorption equipment. The mechanis1n of gas absorption has long 
been defined as a diffusion phenomenom dependent on such variables 
as temperature, pressure, conce11tration, physical properties of 
materials, and liquid-vapor quantities present. Al though many years 
have passed since the discovery of the mechanism involved, gas ab-
sorption has .not yet been completely analysed with treatments em-
ploying mathematical formulation of interpliase diffusion. As a re-
sult, design and performance analysis has been achieved by methods 
based on the assumption of a "'theoretical plate". A theoretical or 
ideal tray can be defined as one where the average composition 
of all the gas leaving the tray is in equilibrium with the average 
composition of all liquid leaving the tray (14). One other concept~ 
the absorption factor, is utilized directly or indirectly in each 
of the treatments. 
If equilibriwn-solubili ty data are plotted in terms of mol 
ratios of solute to solvent of the liquid phase and the vapor phase, 
a curve would result representing liquid and va:p,or equilibriwn. 
Each point on the curve represents the concentrations of gas and 
liquid phases in equilibrium at the specified temperature and pres-
sure. A material balance made about a non-reboilE:!d absorber similar 
4 
to the one shown in Figure l results in the following equation: 
where: 
V 1 (Y l - Y1 ) = L (X - X ) n+ n+ o n o 
V 
n+l 
X 
y 
= Mols of rich gas entering the 
absorber 
= Mols of lean oil entering the 
absorber 
= Mols of component in liquid per 
mol of entering lean oil 
= Mols of component in vapor per 
mol of rich gas feed, 
(1) 
5 
The subscripts refer to the respective plates of the absorber. In 
an absorber, the plates are numbered from to:p to bottom of the co-
lumn~ The above equation is usually plotted on molal ratio coordi-
nates. The resulting curve represents the ranges of compositions 
of the liquid and vapor phases during their passage through the 
absorber. Because the line represents the phase compositions 
during operation, the line is termed the "operating line". If 
both the equilibrium line and the "operating line" resulting 
from the above material balance are plotted on the same set of 
coordinates, lines of stair-step shape can be drawn. The steps 
are formed by connect in@; one end of the operating line with a point 
on the equilibrium curve by either a vertical or horizontal straight 
line. This point on the equilibrium line in turn. is connected by 
either a horizontal or vertical straight line to a point on the ope~ 
rating line. This Jproced.ure is continued until the other end of the 
operating line is reached. The Jloints obtained which lie on the 
operating line represent the compositions of the gas leaving a plate 
and the liquid going to that same plate. The equilibrium line 
---------·-- PLATE 1 
-------- ---- PLATE 2 
---- - - - -- - PLATE n-1 
----------- PLATE n 
RICH, GAS 1 
Vn+lYn+l 
. FIGURE 1 
SCHEMATIC DIAGRAM OF A NON -REBOILED ABSORBER 
I, 
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represents the compositions of the liquid and vapor leaving the 
same plate. The average vertical distance between the operating and 
equilibriwn lines represents the force driving the component to 
the liquid phase from the vapor p]1ase ( if absorption is occurring). 
If stripping is occurring, the force is driving the component from 
the liquid phase to the vapor phase. 
Multicomponent absorption requires the lines described above 
to be constructed for each component present in the system. How-
ever, when a "key" component recovery is designated., the recovery 
of each of the other components in the system is fixed. The "key" 
component is usually selected as the component whose equilibrium 
and operating lines are most nearly parallel to each other. The 
number of theoretical plates {number of stair-steps) required to 
obtain the compositions represented at the ends of th.e operating 
line is determined using a plot similar to the one described in the 
above discussion. The plot is made for the key component only. Lo-
cation of operating lines of the other components in the system is 
made by trial and error. The trial and error procedure is condqcted 
to insure the change in the solute concentration in the gas divided 
by the mean driving force {mean vertical distance between operating 
and equilibrium lines) remains the same for all comr,onents. This 
method, known as the Sherwood graphical method(l2) 9 although rigor= 
ous and accurate is tedious because of the exact and careful plot-
ting of equilibrium and operating lines required. Fortunately 9 
graphical solution for the "key" component followed by an algebraic 
solution for the remaining components suffices for most absorption 
problems .. 
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One of the first methods for al[;ebraic trr~at11nent of i~a.s absorp-
tion was 1:1resented by Kren11Ser ( '7). 'fhis method is based on the 
"theoretical plate 11 concei)t wi tb the additional assumption being 
made that the pressure, liquid and vapor traffics, and tpmperature 
were constant throughout the absorber to11v-er. Raoul t Is L,H!IT and Dal-
ton's Law are also assum.ed to apply. A few year1:, later~ Souder and 
Brown ( 13) developed and refined. the method from Kremser I s theoreti-
cal formulation. Derivation of the Kremser-Brown method is pre-
sented in Appendix B. J~y definition of' the absorption factor 11.A" 
a.s 1G0i . or its equivalent 1~ 1 Equation 8 of Appendix El may be 1,vr:i. t-
ten in the following formi 
Yn+l - Y1 (L/mV)rHl - (L/mV) 
= 
Y - Y (L/mV)n+l - 1 
n+l o 
( 2) 
The left hand side of the equation represents the amount of solute 
absorbed divided by the amount that r,vould have b1een ahsorb1ed if' the 
off-gas leaving were in equilibrium with the entering: solvent stream. 
'fhis ratio represents the efficiency of' absorption for any comy)onent. 
Three in111posed conditions of ]l:quation :2: and their significance isbould 
be observed. If m is greater than L/V and n is large~ the value 
to the rig;ht of the equality si[~n approaches L/mV. Secondly, if 
m is small com:pared with L/V and n is large, the right hand side 
of the equation approaclu:is unity" Whe11 the absor:ption factor L/mV 
is unity, the value of the right hand i:dde of Equation ;;;-! cannot be 
defined. However I if the limit is taken a,s L/mV aip:proaches unity 'I 
1, l f' th t • ' .,l f • ·11 fl t,11e va ue o · e ra 10 :a.s o e · 1.neo. as ii+! . 
stant liquid and vapor traffics~ the Kr1e11,1sr~r-Bro,ii'm n1ethod ,seemed 
9 
inadequate for some absorption problems encountered. In an effort 
to better evaluate the performance of absorption towers, Horton and 
Franklin (5) developed the following equation: 
(3) 
The second term to the right of the equality sign is a correction 
for the presence of solute in the solvent. The equation is based 
on the assumption of liquid and vapor equilibrium and the 11 theore-
tical plate'' concept. In Appendix B, Equation 3 is sllown to be 
analogous to the Kremser-Brown equation. 
Horton and. Franklin present two methods for calculating the 
performance of an absorber. The first method involves determination 
of the ab,sorption factors for each com.ponent on each plate and sub-
stitution into Equation 3. An effective absorption factor is cal-
culated in the second method and substituted into Equation 8 of 
Appendix B. This method requires calculation of the L/V ratio and 
temperature for the point in the tower representing the effective 
absorption factor of the component in question. Horton and Franklin 
present a chart relating the values of the absorption(orstripping) 
factors to the locations of the effective absorption factors in the 
column~ The position.~ of the effective factors are determined from 
the chart. The liquid quantities, vapor quantities, and t . emperatures 
are calculated at the 1oosi tions in the column determined from the 
10 
chart. The following equations are used to estimate the required 
quantities and temperatures. 
V1 i 1/n = 
t n+1) 
v. 
1. 
v:-1 ]. + 
T -T. 
n l. vn+l - vi+l 
T -T 
n o 
= V - V 
n+l 1 
(4) 
( 5) 
The above equations assume constant percent absorption per plate 
and plate temperature changes proportional to gas contraction or 
expansion. In the second method, the term "effective absorption 
factor" is introduced . At some position in the column the absorp-
tion factor of the component becomes critical or controlling. In 
the general area in which the absorption factor is critical, the last 
incr-ement of absorption of t hat component occµr s . The ·cri tical·value of 
the absorption factor is termed the effective absorption factor. 
Horton and Franklin observed that the effective absorption factor 
for a light hydrocarbon corresponds to a posi tion near the bottom 
of the absorber and the position of the factor for the heavy compo-
nent is near the middle of the tower. One disadvantage presented 
by estimation of the positions of the effective absorption factor 
by the Horton and Franklin chart is that the factor is not expressed 
as a continuous function of position in the tower. Th e continuous 
function deficiency of the Horton and Franklin method is eliminated 
with a different approach to the problem presented by Edmister (3). 
Edmister utilizes the concept of an effective absorption factor 
but not in the manner presented by Horton and Franklin. Two addi-
tional terms, A and A1 , are defined by the following equations. 
e 
A n+l - A 
e e 
A n+l - l 
e 
= 
AlA2A3. •.An+ A2A3. •.An+ • • • + An 
Al A2A3, •• An+ A:;rA3 ••• An+ ••• + An+ 1 
A2A'?. • • • A + A.,. • • • A + • • • + A + 1 u n ~ n n 
A1A2A.,. ••• A + A2A.,, ••• A + •• · • + A + 1 
. u n u n · n 
(6) 
(7) 
Analysis of test data and plate to :plate calculations .indicates 
11 
Ae and A' are essentially independent of the number of plates in 
the tower. Equations 6 and 7 are wri tt.en for a two plate absorber 
and the terms A and A' evaluated as: 
e 
A = V An ( Al + 1) + 0.25 - 0.5 e ( 8) 
A' 
A11 (A1 + 1) 
= An+ l 
(9) 
The calculation procedure is-a trial and error type of solu-
tion. Quantities absorbed are first assumed to obtain a stream 
material balance. Using stream quantities from t}:i.e.material balance., 
the rich oil temperature is calculated from a heat balance if an 
off-gas stream tein}Jerature is assumed. Ratios of liquid to vapor 
and temperatill'es for the top and bottom plates can be estimated 
from Equations 4 and 5. The effective absorption factors are then 
evaluated from the absorption factors found for the top a.1.1d bottom 
plates. The absorption efficiencies are calculated and a material 
balanc.e made after substitution into Equati·on 13 of Appendix B. If 
the solvent oil contains a large percentage of light co;mponents, 
stripping may occur. If stripping occurs, stripping factors as well 
as absorption factors are calculated. Detailed derivations of 
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the Kremser-Brown and Edmister methods are presented in Appen-
dix B. 
The methods outlined above are generally calculated with the 
additional asswnption of adiabatic tower performance and no heat 
of absorption occurring. However, Hull and Raymond (6) developed 
a calculation procedure in?luding heat balance corrections for heat 
of absorption and ambient heat losses. 
Heat of absorption values were calculated by use of Equation 10 
and are presented in graphical form as a function of pressure and 
the component involved. 
R 
D. H = -M (10) 
In order to establish tower temperatures by heat balance, one of 
the product stream temperatures must be estimated or evaluated. 
Hull and Raymond developed a correlation from test data which re-
lates 6 T ( the off-gas temp erature minus the lean oil temperature) 
with the heat evolved in the "top section of the absorber" per unit 
weight lean oil. The top section is defined as the average of the 
top three plates or the first theoretical p late. The method can be 
used only if the lean oil is the main quantity involved in the heat 
balance. The effective absorption factor for e a ch component is gra-
phically correlated as a function of the difference between the bot-
tom tower and average tower temperatures. The term A ( equal to 
C 
A ( A 1 +1) . . 
n An +l ) i s presented a s a fun c tion of the d i fference be t ween the bot-
tom and top temperatures of the tower. The average tower tempera-
ture is estimated from a graphical correlation of average tower 
temperature and lean oil to rich gas ratio. The L/V ratios at the 
13 
top and bottom of the tower are established by trial and error es"ti-
mat ion of the shrinkage occurring in the tower o U1::ion evaluation of 
the absorption factors, the remaining calculations are similar to 
those of the Edmister or Franklin methods. 
In the Edmister method presented above, a •i'ride range of 
values for absoqJition and st:i.~ipping factors is encountered. A 
need for ex1:.ressing absorber Jlerformance as a function of variables 
who,se numerical values would always be of a limited range is evi-
dent. As a result, Edmister (:?.:) ]presented a method of analysis 
ivhich utilizes two new absorption factors J25 A and Jb'A ( for stripping 
¢s and Ps ) o The new absor1)tion :factors are defined as: 
1 
L +l A 
(11) 
(12) 
By examining Equations 11 and 12 ~ one observes that the numerical 
values for ¢A and jt'A will always be between zero and tmi ty. 'l'he 
new absor:ption factors ]provide a means qf analys;i.s for any component 
regardless of the value of A (or S) o The significEj.nce of the terms 
¢A and ~S should be observed. The term ¢A is the fraction of any 
rich g;as component not recovered in an absorber. Similarly 7 ~A is the 
fraction of any com1Jonent in the lean oil lost to the off-g·as. 
CHAPTER III 
DESCRIPTION OF' PROGRAM AND EVALUATION PROCEDURE 
Of the methods discussed in the previous chapter, adaptation 
of the Kremser-Brown and Edmister methods to the digital computer 
seemed most promising. These two methods are mathematical treat-
ments and do not require graphical correlations or tables that can-
not be expressed as continuou,s mathematical functions. The follow-
ing is a discussion of the 650 IBM computer program and the data 
requirements for its applicationo 
Before a program can be obtained, definition of the problems 
to be encountered is necessary. The maximum nwnber of components 
in the rich gas and lean oil solvent is fbcecll at twenty for each 
stream. The typical problem will require calculation of the total 
andindividua.l component quantities of the lean gas stream an<! the 
rich oil product stream, the rich oil tem1)erature <i and the lean oll 
requirement "for a specified percentage recovery of a "key" compo-
nent. Compositions of the rich gas and solvent oil will constitute 
known data of "the problem. Also, the number of theoretical plates 
and the tower pressure will be known. 
In addition to the above input data concerning the tower 1 the 
feed, and the solvent oil; equilibrium nK" values and vapor and 
liquid enthalpy data for all components in the system are required. 
The equilibrium va.lues are obtained ,1iri th a program calculation me-
thod developed by Norman and Williams (9). The Norman and Williams 
14 
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program makes least squc;\res fits to power series of NGA.A equilibrium 
data. The "K" values obtained are fitted to an equation of the 
form K = a + bT + cT2 expressing K as a function of temperature by 
use of a program developed by Pulley (11). Pulley's program makes 
a curve fit using the Cholesky least squares method for n data 
points. The liquid and vapor enthalpies are curve fitted by a 
3-data point high speed curve fit ( 4). An "nu data point curve 
fit for enthalpy is not necessary because of the continuously smooth 
curve that is obtained by plotting enthalpy data as a function of 
temperature. 
'rhe program consists of a Kremser-Brown calculation on the 
specified tower followed by an Ed.mister calculation which uses the 
Kremser-Brown results as a first a})Jlroximation of the product 
stream quantities and tov1rer temperatures. The sequence of calcu-
lations followed by the absorber program is outlined in block form 
in Appendix C and briefly described in the following discussion. 
The in:put data requirements of' the 1irogram J1rovide variance of 
the lean gas temperature Toy specification of the quantity Lo.'r o 'fhe 
term 6 T. is the cUf'ference betv;een the lean gas and lean oil tem-
peratures. After a com1)lete punch out of all input data read into 
the conrpu,ter, the Kre1mser-Brown section of the program calculates 
the lean gas tem:perature b~r addition of 6 'F to the lean oil tempera-
ture. The rich oil temJ)erature is asstuned to be that of the rich 
gas as a first ap1)roximation. The average tower temJ)erature is cal-
culated as the arithmetic average of the rich oil and lean oil temperatures. 
Specification of the recovery for the key component fixes the 
recovery of all components in the system. For the key component, 
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the absorption factor "A'' m.ust be a quantity which when substituted 
into Equation 8 of Appendix B will make the value of the term on 
the right of the equality sign that of the key component recovery. 
The approximate lean oil rate required to give the value of the 
key absorption factor desired is evaluated from the equation 
L The ''A" factors of all remaining components Ak = KkV • are then 
A1,rKk 
calculated from the expression Ai = Ki • 
The Y0 term of Equation 8 of Appendix JB represents the quantity 
of the component in the vapor that would exist if the vapor were in 
equilibrium with the entering lean oil. These terms are evaluated 
from Equation 4 with the assumption that Vi equals Vntl and the 
substitution of K values for m values. The absorption of each 
component is then calculated by substitution of the above values 
into Equation 8. The total absorption is tested to determine if 
the value is within a specified tolerance of the total absorption 
of the last trial. If the total is not within tolerance, the lean 
gas quantity of the previous trial is substituted for V in the ex-
L 
r,ression Ak = KkV • When the total absorption test is satisfied 
and the tower material balance completed, a heat balance is per-
formed to evaluated the rich oil 11roduct stream temperature. The 
heat balance is a trial and error' type solution because a rich oil 
tem:p1erature must first be assum.ed before the enthalpy of the rich 
oil stream can be evaluated. If an incorrect temperature is as= 
sumed, the program a1)plies a correction to obtain tbe tem:perature 
for the next trial. The heat balance error divided by the total 
heat input is calculated. This quantity is divided by an arbi- · 
trary constant (four) and is multiplied by the old temperature 
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assumed. This correction term is then added to the previously as-
sumed temperature to obtain the temperature assumed for the next 
trial. The rich oil temperature obtained from the heat balance of 
a specified tolerance is tested to determine if it is within an al-
lowable mismatch of the rich oil temperature assumed at the begin-
ning of the Kremser-Brown calculations. If the heat balance tem-
perature is not ·1111i thin a specified mismatch of' the assumed tempera-
ture, the Kremser-Brown calculations are begun again. The heat 
balance rich oil temperature is the temperature assWllled for the 
next trial. When the mismatch between the rich oil temperature as-
sumed and that calculated is within tolerance, the results of the 
Kremser-Brown are punched. The Edmister section of the program is 
then read into the computer. 
The E&nister section of the program calculates stream totals 
from the stream component quantities obtained in the Kremser-Brown 
section. The assumption is made that the absorption occurring on 
each plate is the same. The absorption quantity for each plate is 
determined as the asswned total absorption divided by the nw11ber of 
theoretical plates in the absorber. The L/V ratios requiredinthe 
evaluation of' the absorption factors of the top and bottom plates 
are obtained by the following procedure. 'l'he liquid leaving the 
top plate is assumed to be the total lean oil quantity plus the ab-
sorption for one plate and the vapor leavil1g the bottom piate is 
assumed to be the total rich gas quantity minus the absorption for 
one plate. The top plate liquid divided by the total off=gas quan= 
tity and the total rich oil quantity divided by the bottom plate 
vapor give the, required L/V ratios. These ratios are divided by 
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component K values to provide the absorption factors. The top and 
bottom plate stripping factors are obtained by taking the recipro-
cals of the absorption factors for those plates. The reason strip-
ping factors are calculated is that if the lean oil stream contains 
an appreciable percentage Qf light components the quantities pf 
the components stripped must be determined. By subs ti tut ion of 
the required absorption and stripping factors into Equations 11, 
12, 11',and 12 1 of Appendix B, the effective factors and the terms 
A' and 8 1 are evaluated. 
The algebraic signs of the quantities in the first bracket to th,e 
right of the equality signs of Equations 13 and 13 1 indicate which 
transfer mechanism (absorption or stripping) is controlling. Nega-
tive signs indicate the other transfer mechanism prevails. In the 
program, the sign of the quantity [1 - 1 LoXo J · is tested · to 
A Vn+lYn+lJ 
determine if absorption of that component is occurring. If the 
sign is negative, Equation 13 1 is evaluated to obtain the quantity 
of the component stripped. A positive' sign causes the quantity ab= 
sorbed to be calculated by Equation 13. '.['he net absorption is de-
terminecl as the difference between the.total quantity absorbed and 
the total quantity stripped. 
A material balance about the tower provides the stream quanti-
ties and compositions used in, th.e Edmister heat balance. The rich 
oil temperature is obtained by an over-all beat balance. This tern-
perature is tested to determine if the mismatch between the calcu= 
lated value and the assumed value is within a specified tolerance. 
The assumed rich oil temperature for the first trial in the Edmister 
calculations is the final rich oil temperature calculated in the 
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Kremser-Brown. section of the Jpro1,!;raI1r10 If the mismatch is not with-
in tolerance, Ui.e calculated value is used as the assumed rich oil 
temperature of the next trial andt the l~:dmister calculations are l1e-
gun ag;ain. When a rich oil tempered;ure 1.id thin tolerance is ob-
tained, the calculated absorption efficiericy for the key component 
is co1111ipared ,:'l'i tb tb,e specified value o If th.e calculated absorp-
tion efficiency is not within a given tolerance, the lean oil rate 
. Ea is corrected by multiplying the old l(~an oil rate by the rat:i.o E 
C 
to obtain the lean oil rate for the next trial., When the desired 
absorption efficiency is obtained ( throug:h multiple machine iteration), 
the results of the Edmister calculations cU'{~ punched. 
Evaluations of the quantities 
An+l - A 
An+l - 1 
and 
can+! s 
"' - ' K equi-gn+l _ 1 ' 
librium values, and enthalir:d,es are ach:i.eved with subroutine•s. 'fhe K 
equilibriu1111 and entJ1al111y values are evaluated by equations of tbe 
f Orm y = a + b T + C rr2 • r.rhe coefficients used! are ol)tained from 
curve fits described at the be 1ginning of this chapter. 'l'he effec-
ti ve factor subroutine mak.es a t,est I1rhicb lim.i ts the values of A I s 
and S I s that can be us,ed. If the factor value is greater than. 100, the 
quantity 
An+l - A 
An+l - 1 
or 
sn+l - s 
,1,n+l 1 
., -
is assumed equal to 1 thus elim1i:nat-
ing possible g;eneration of a nuinlbi,er too for the subroutine to 
e11aluate. If the factor va.lue is les,s than 100 1 the factor is raised 
to the required Jpower using; the expression xn = en ln X • 'I'his re-
quires subroutines which first evaluat-02! tl1e natural logar:i. Hun of a 
number and then raise tlrn result to a power of e. 'I'he r<::lquired 
calculations have been adaJpted. for computer aJ]plication by Pul-
ley UO}. 
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'l'he perf ormanc,e o:f the ]program l'rras evaluated, 11 ri th the excep-
tion of Problem One, by comparison of co11111puter results '11ri th actual 
test run data provided by NGAA (15). Computer results for Problem 
One were not compared with test run data but with hand calculations 
which evaluated the lean gas temperature as the deiv point tempera-
ture of the off-gas strerun and the rich oil temJ)erature as the bub-
ble :point temJperature of the rich oil streamo '!'he rich gas a.nd 
lean oil stream con~ositions of the problems used are indicated in 
ApJpendix A. 'fhe system ]pressures of the twenty proble11ms used to 
evaluate the IJierformance of the program ranged[ from 13,1. ,., to 1815 Jps:i.a 0 
In addition to the evaluation made of the program as described 
above, the effect of changiu.1!~ tbe lean gas te1nperature 1was studied. 
In this study, incremental values for D'l' of plus and minus 5,, 10 
and 15 degrees were run for each of four proble1ns o 
'!'he equilibrium K values used by Norman and 'Williams (9) wer1e 
obtained from NGAA ( 17). The "1(11 values published by NGAA were 
developed by Fluor Corporation and presented as functions of con-
vergence pressure, temJperature, and sy:ste1n pressure o The conver= 
gence pressure method was used to correlat~ the effect of composi-
tion on K values. Esti1nation o:f syst1i:!1m convergence ]pressures 1,1 1as 
made with the aid of convergence pressure envelope charts relating 
convergence pressures with syste1n temperatur,es. 'l'he vapor and li= 
quid ,mthalpies used wer,12? obtained from NGSMA (16)" 'l'he charts 
were d,evelo:ped by M. W. Kellogg Comr,1any and }'.lresent,ed as functions 
of te11111perature, p1"essure ~ and molecular w·eig;bt. 
CHAPTER IV 
RESULTS 
A sequence of absorber calculations was adapted to the 650 
IBM computer. The data presented on the following pages were ob-
tained during a performanc~ test of the calculation sequence. 
Tabular form is used in the presentation of the following in-
formation: 
1~ Experimental and computer calculated rates of the lean 
solvent and :product streams. 
2. Material balances. 
3. Rich Oil temperatures. 
4. Absorption and stripping factors. 
5. Effect of lean gas temperature on the rich oil temperature 9 
total absorption, and solvent oil requirement. 
In all tables presented, digits to the right of the decimal point 
are carried for consistency not to indicate degree of accuracy qr 
precision of the number. 
The effect of the number of theoretical plates on rich oil 
temperature, solvent requirements, and top and bottom plate L/V 
ratios are presented in graphical form. 
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Problem 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE I 
KREMSER-BROWN CALCULATED STREAM RA'l'ES 
AND E)QJ'ERIMENTAL TEST RUN RATES ( 15) 
Lean Gas Rate Lean Oil Rate 
•. 
Mols/100 Mols Rich Gas Mols/100 Mols Rich Gas 
Calculated Experimental Calculated Experimental 
50.76145 65.578 67.99035 66.667 
90.92196 90.1587 67.77350 91.1811 
71.57727 73.4214 89.59562 82.2657 
92.71822 91.2693 15.11946 18.1593 
86.17574 86,.3098 18.23245 10.8951 
83.66077 77.1916 20.46198. 10.63146 
22.27936 26.1609 126.20231 299.2556 
78.92591 78.1458 26.55263 22.5075 
81.43847 87.6559 25.29116 176.0599 
87.49512 87.9141 19.11845 14.7978 
Rich Oil Rate 
.Mols/100 Mols Rich Gas 
Calculated Experimental 
117.22892 101.088 
76.85154 101.0223 
118.01835 108.8442 
22.40124 26.8900 
32.05671 24.5852 
:rn.so122 22.8083 
203.92296 373.0947 
47.62673 44.3616 
43.85270 188.4040 
31.-62333 26.8836 
[\J 
l'IJ 
Lean Gas Rate 
Problem MolsllOO Mols Rich Gas 
Number Calculated Experimental 
11 67.73932 73.0590 · 
12 91.80026 91.5996 
13 90.23139 90.7589 
14 27.12420 30.3872 
15 59.49623 68.2204 
16 89.44989 88.5904 
17 88.11484 88.5892 
18 85.,38579 84.8707 
19 87.31247 86.3491 
20 83.99234 87.1827 
TABLE I (Continued) 
Lean Oil Rate 
Mols/100 Mols Rich Gas 
Calculated Experimental 
111.30942 126.1373 
15.76065 11.3306 
18.07077 11.6313 
56.06253 41.9015 
50.67830 45.8187 
19.83366 18.5493 
17.57845 15.6362 
25.84908 21.1188 
17.12290 11.3159 
22.36844 11.1992 
Rich Oil Rate 
Mols/100 Mols Rich Gas 
Calculated· Experimental 
143.,57011 153.0783 
23.96039 19.7310 
27.83938 20.8724 
128.93833 111.5142 
91.18207 77.5983 
30.38377 29.9589 
29.46360 27.0471 
40.46329 36.2481 
29.81043 24.9668 
38.37610 24.0165 
tv 
c.J 
TABLE II 
EDMIS'fER CALCULATED S'FREAM RATES 
AND EXPERIMENTAL TES1' RUN RATES 
~~-~~-~~~~~~--~~~~ 
----· -----·-·--·---------------·---·-·------.. --·-·-·------
Problem 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Lean Gas Rate 
Mols/100 Mols Rich Gas 
Calculated Experimental 
70. '93108 65.578 
90.77441 90.1587 
71.67658 73,.4214 
92 .• tl8855 91 0 2693 
85.06710 86.3098 
82.02264 ?7.1916 
24.20502 26.1609 
77.76742 78.1458 
80. 31624, 87.6559 
86.70278 87 0 9JL11 
Lean Oil Rate 
Mols/100 Mols Rich Gas 
Calculated Experimental 
85.57967 66.667 
68.02102 9Ll811 
89.13029 82.2657 
10.96961 18.1593 
8. 5<.1!755 10.8951 
9.63648 10.6315 
209.t)9720 299.2556 
21.06523 22.5075 
16.54016 176.0599 
1L48392 14.7978 
Rich Oil Rate 
Mols/100 Mols Rich Gas 
Calculated Experimental 
114.64859 101.088 
77.24661 101.0223 
117.45372 108.8442 
18.48107 26.8900 
23.48045 24.5852 
2'7.Gl384 22.8083 
28E:i. 79219 373.0947 
43. 2'9780 44.3616 
36.22392 188.4040 
24.78116 26.8836 
rv 
J~ ,,... 
Lean Gas Rate 
Mols/100 Mols Rich Gas 
Number Calculated Experimental 
11 67.69623 73.0590 
12 91.02193 91.5996 
13 89.60734 90.7589 
14 27.75929 30.3872 
15 59.06838 68.2204 
16 89.02945 88.5904 
17 87.47947 88 .. 5892 
18 84.54455 84.8707 
:l.9 86.40486 86.3491 
20 83.49272 87.1827 
TABLE II (Continued) 
Lean Oil Rate 
Mols/100 Mols Rich Gas 
Calculated Experimental 
119043498 126.1373 
10.79769 11.3306 
11.70992 11.6313 
63.05072 41.9015 
46.90107 45.8187 
14.84201 18.5493 
10.50414 15;.6362 
17.60983 21.1188 
9.02017 11.3159 
9 .. 21735 11.1992 
Rich Oil Rate 
Mols/100 Mols Rich Gas 
Calculated Experimental 
15L73875 153.0783 
19.77576 19.7310 
22.10258 20.8724 
135.29144 111.5142 
87.83269 77.5983 
25.81256 29.9589 
23.02468 27.0471 
33.06528 36.2481 
22.61532 24.9668 
25.72464 24.0165 
I.\J 
Ol 
Problem 
Number 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
TABLE III 
EXPERIMENTAL RICH OIL TEMPERATURES 
AND RICH OIL TEMPERATURES 
CALCULATED BY MEAT BALANCE 
Rich Oil Temperature Degrees 
Pressure Kr ems er-Brown Edmister Psi a Calculation Calculation 
64.7 627.416 586.487 
75 513.272 513.141 
195 541.540 541.540 
410 539.014 539.571 
1565 525.707 518.277 
1575 510.873 507.670 
94.7 559.830 551.769 
545 555.233 561.358 
80.7 535.384 542.477 
720 540.181 539.213 
60.7 540.475 539.430 
865 516.265 514.266 
975 550.596 549.545 
208.7 574.435 571.198 
266 577.428 578.666 
4-27 554.382 556.521 
695 558.378 558.907 
950 546.167 543.693 
1464 543.588 540.236 
1815 5f53.614 545.720 
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Rankine 
Experimental 
Data 
554 
520 
537 
550 
54.7 
544 
550 
562 
520 
562 
538 
527 
556 
534.5 
571 
565 
571 
564 
574 
550 
'!'ABLE IV 
VARIATION OJi' LEAN OIL UA'l'E AND 'I'O'l'AL ABSOJFlP'l:ION WI'l'H D'l' 
PROBLEM ON.E 
EUMISTEH CALCllJL.A'l'ION 
PHESSURE fj4,. '7 PSIA THEORE'r ICAL PLA'I'ES FOUR 
Lean Gas 
Temp. 0 H 
535.00 
540.00 
54,5.00 
550.00 
5;55.00 
5160.00 
1565.00 
( ':l~LO) 
Lean Oil 
Te1111Jµi. 0 R 
e,so 
550 
5510 
5510 
5,50 
;:i50 
550 
( 6 'l') 
Rich Oil Difference 
'I' · 0 R (7' 'I' ) em.p. '- LG- ··LO 
5,91'7 .1 gi 
5\94. '97 
5i,85 0 51 
'l'AB,LE V 
-15 
-10 
- 5 
+ 0 
+ 5, 
+10 
+15 
Lean Oil 
Rate 
Mols 
Absorption 
Mols 
31.20708 
~:H) o 871~58 
30.B8310 
:.:;.o. 2:6-:171 
2:9 0 5,54.07 
2.f} .35~]30 
V.AIUA'l'ION 0]1' LEAN OIL RA'.ll'B AND 1I 110'l'AL A]3SOHPTION WI'I'H 6'!' 
f:jj])MIS'I'JtH CALCULA'I'ION 
PllESSURJll:: 4,10 PSI.A 
------·---
('ru3) 
Lean Gas 
Temp. 0 H. 
517.50 
527.50 
533.00 
538.50 
543.50 
548.50 
( 'l'r.o) 
Lean Oil 
Temp. 0 n 
533 
$33 
J533 
533 
E:)33 
C"''""'ll''""V 
;Je),j 
533 
( 'fno) ( 61') 
Rich Oil Difference 
'];emp. 0 H ( 'fLG-'l'Lo) 
Si:i.::i: 0 52 -15.5 
55Lll -JCi o 51 
548. fi9i 
-
fi ~ 51 
fi .. gl:5, 0 82 + o.o 
5,1,3. o~~ + ~ 1· '-' • 0 
,5,40.13, +10.5 
)5317 0 353 11· "" + ... ...._)i O iJ1 
Lean ()il 
Hate 
J!t<"ll.ols 
11. i:35712; 
11 • .:12600 
11 0 (:i,5201 
11. ~16801 
10.93418 
11. 10I!~li?? 
10.1610:H 
,_, .. , ..... ~,.., .... , .. ,, .... _, ___ ........... ------·----
Absoqrtion 
Mols 
?.64707 
7.68806 
7.53772 
?.60253 
'7 0 65'7'79 
7 .4?251:\ 
7 .52:1.113 
2'7 
Tlcl.BLE VI 
VAIUA'l'ION OP LEAN OIL HA'I'E AND TO'rAL AJBSORPTION 'WITH 6'1' 
PHOBLEM FIVE 
EDMIS'JrER CALCULATION 
PRESSURE 1565 PSIA 1'H]WHET !CAL PLA'I'ES SIX 
28 
·-·-·-·-
( 'l'LG) (1'Lo) < 'l'no> ( D'I') Lean Oil Absor11,tion 
Lean Gas Lean Oil Rich Oil Difference Rate 
Tem1l. "0 R 'l'emJp. ou 'l'eK1r1p. OR < 1.'ta-TLo> M.ols Mols 
---·-·-.. -
517 532 540.57 -15 10.02,563 14. 956'77 
522 532 5':37. 27 -10 9. 8939191 14.9364,2 
527 532 53•L27 
-
5 9. 1 971'6 15.15418 
532 532 531.08 0 9.44'799 15.03087 
537 532 527.86 + 5 9.27407 15.03844 
542 532 523.98 +10 8.60823 15,.35168 
547 532 520.49 +15 s. 69'742 15.00425 
__ .. ,_ .... _____ ~ 
':['ABLE VII 
VARIA'I'ION Oli' LEAN OIL RA'l'E AND 'J~O'I'AL ABSOllPTION WI'I'H ,6._'l' 
PROBLEM :SE,VEN'fEEN 
EJJMIS'l'ER CAIJ::::IJLA'I' ION 
PRESSURE G95 PSIA THEOllE'f ICAL PLA'l'ES NINE 
(TLG) 
Lean Gas 
Temp •. 0 R 
('fLo) 
Lean Oil 
Temp. OR 
( 6T) 
Rich Oil Difference 
'femJp. 0 R ( 'l'LG-TLo) 
Lean Oil 
Rate 
Mols Mols 
---------------·-.. ---·---"-"""--""'"'"_"_,., ___ , _____ , ______ _ 
539 
544 
549 
554, 
559 
564 
569 
55tll 
5t::i4 
554 
554 
554 
554 
554 
574. :2:6 
571.78 
5159.18 
566.46 
511:i.iji, 0 05 
5'61.23 
558.31 
--------··------· 
-15 
-10 
-
5 
+ 0 
+ Ci1 
+10 
+15 
10. 4-033~5 
10.41944 
10.80865 
10.19859 
9. 96,760 
9.89088 
91.50050 
1L51515 
11.4381[\0 
11.1.2062 
11.;;s9:37 
1LL133:?..4 
11.34932 
11. .44,340 
Components 
cl 
c· 
2 
C . 
3 
nC 4 
nC5 · 
C 6 
t 
. 7 
Totals 
TABLE VIII 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Mols 
8003963 
21.24683 
18.80398 
2 ... 63065 
0.04036 
50076145 
PROBLEM ONE 
PRESSURE 64.7 PSIA 
Lean Gas Rich Oil 
Mol Fractions Mols Mol Fractions 
.15838 0029370 .00251 
.41856 3.75317 ·.03202 
• .37044 14.52936 .• 12394 
.05182 · -30.86815 .26332 
.00079 50.78695 .• 43323 
l.2.74819 .10875 
4.2494-0 .03'625 
... --··-·--·· .... ··•·· .. -- .. 
1000000 117.22892 1.00000 
Absorption 
Efficiency 
Factors 
.03581 
.15223 
.43995 
.89646 
.99526 
.99990 
1.00000 
[\j 
~ 
Components 
CI 
c2 
c3 
i6 4 
ne 4 
,c 
"· 5 
·c14 
Totals 
TABLE IX 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Mols 
84.77541 
3.63546 
2.39332 
0.05783 
0.05663 
o.oo:no 
90.92196 
PROBLEM TWO 
PRESSURE 75 PSIA 
Lean Gas Rich Oil 
Mol I•~ractions Mols Mol Fractions 
.93240 2.14459 .• 02791 
.03998 0.69454 .00904 
.02632 2.92668 .03808 
.00064 0.54217 .00705 
.00062 l.41337 .01839 
.00004 1.35670 .01765 
67.77350 .88188 
1.00000 76.85154 1.00000 
Absorption 
Efficiency 
Factors 
.02494 
.16189 
.55285 
.90465 
.96193 
.99760 
1.00000 
"' o. 
Components 
cl 
c2 
c3 
iC4 
nC4 
iC5 
nC 5 
C 12 
'fotals 
TABLE X 
KREMSER-BROWN MATERIAL BALANCE AND ABSOHP'l'ION EF!i'ICIENCY FACTORS 
Lean Gas 
PROBLEM 'l'HREE 
PRESSURE 195 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol li'ractions 
65.10274 
6.15594 
0.31707 
0.00101 
0.00050 
71.57727 
.90954 
.08600 
.00443 
.00001 
.1[)0001 
1.00000 
6.27726 
6.21406 
9.41293 
1.28899 
3.18950 
0.72000 
1.32000 
89.59562 
118.01835 
.05319 
.05265 
.07976 
.01092 
.02703 
.00610 
.01118 
.75917 
1.00000 
Absorption 
Efficiency 
Factors 
.08794 
.50235 
.96741 
.99922 
• 9'.9984 
1.00000 
1.00000 
1.00000 
c,.i 
I-' 
Components 
cl 
C 2 
c3 
iC4 
nC4 
iC5 
c12 
Totals 
TABLE XI 
KRElviSER-BROWN MATERIAL BALANCE AND ABSORPTION EirJi'ICIENCY FACTORS 
Lean Gas 
PROBLEM FOUR 
PRESSURE 410 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol l•'ractions 
83.70510 
6.53774 
2.32511 
0.09789 
0.05232 
0.00006 
92.71822 
.90279 
.07051 
.02508 
.00106 
.00056 
.00000 
1.00000 
1.87990 
0.91026 
1.48889 
0.52611 
1.40868 
1.06794 
15.11946 
22.40124 
.08392 
.04063 
0 066L!6 
.02349 
.06288 
.04767 
.67494 
1.00000 
Absorption 
Efficiency 
Factors 
.02220 
.12338 
.39295 
.84449 
.96452 
.99994 
1.00000 
u 
i.\J 
Components 
cl 
c2 
c3 
iC4 
nC4 
iC5 
n:c5 
c11 
Totals 
l'ABLE XII 
KREMSER-BROWN MATERIAL BALANCE AND A.BSORP'l'ION El•'li'ICIENCY F'ACTOHS 
Lean Gas 
PROBLE:M F'IVE 
PRESSUUE 1565 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol F'ractions 
78.99507 
5.89270 
1.22730 
0.04047 
0.01987 
0.00018 
0.00015 
86.,17574 
.91667 
.06838 
.01424 
.,00047 
.00023 
.00000 
.00000 
1.00000 
6.88493 
2.55730 
2,.40270 
0.50953 
0.80013 
0.18982 
0.47985 
18.23245 
32.05671 
.2H,T7 
.07977 
.07,195 
.01589 
.02496 
.00592 
.01497 
.56876 
1.00000 
Absorption 
Efficiency 
Factors 
.08103 
.30509 
.66450 
.92725 
.97608 
.99907 
.99970 
1.00000 
C,I 
C,I 
Components 
cl 
c2 
c3 
iC4 
nc4 
iC5 
·c11 
Totals 
TABLE XIII 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
PROBLEM SIX 
PRESSURE 1575 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
77.11005 .92170 8037996 .22771 
5.35284 .06398 3.21716 .08742 
1.09276 .01306 2.76724 .07519 
0.05955 .00071 0.55045 .01496 
0.03914 .,00047 0,,73086 .01986 
0.00644 .00008 0.69356 .01885 
20.46198 .55601 
83.66077 1.00000 36.80122 1.00000 
Absorption 
Efficiency 
Factors 
009909 
.37819 
.71934 
.90350 
.94982 
.99094 
1.00000 
"' .i:,. 
Components 
cl 
C 2 
c3 
iC4 
nc4 
iC5 
·c14 
•rotals 
TABLE XIV 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
PROBLEM SEVEN 
PRESSURE 94.,7 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
17.39947 .78097 4.06053 .01991 
4.64876 .20866 22 .. 49124 .11029 
0.23099 ..-01037 50.06901 .24553 
0.00011 .00001 0.54989 .00270 
0.00002 .00000 0.,39998 .00196 
o •. 1sooo .00074 
126.20231 .61887 
22.27936 1.00000 203.92296 1.00000 
Absorption 
Efficiency 
Fact·ors 
.19637 
.83510 
.99561 
.99980 
.99994 
1.00000 
1.00000 
vi 
Ol 
Components 
c1 
c2 
c3 
iC4 
nc4 
iC5 
1iC5 
G6 
····c 
13 
Totals 
TABIB XV 
KREl'.•ISER-BRQli1lN MATERIAL BALANCE AND ABSORP'I'ION EFF'ICIENCY FAC'l'ORS 
PROBLEM EIGHT 
PHESS URE 545 PS IA 
Lean Gas 
Mols Mol Fractions 
73.24895 
4.81801 
0.85640 
0.00209 
0.00046 
78.92591 
.92807 
.06104 
.. 01085 
.00003 
.00001 
1.00000 
Rich Oil 
Mols Mol Fractions 
4.49105 
2.16199 
5.61360 
1.57791 
3.26954 
1.33000 
0.96000 
1.67000 
26.55.263 
47.62673 
.09430 
.04539 
.11787 
.03313 
.06!365 
.02793 
.02016 
,03506 
.55752 
1.00000 
Absorption 
Efficiency 
Factors 
.05847 
.31245 
.86908 
• 998""?0 
.99986 
1.00000 
1.00000 
1.00000 
1.00000 
"' 0) 
Components 
cl 
C 2 
C 3 
iC4 
riC4 
iC5 
·c14 
Totals 
TABLE XVI 
KR.EMBER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
PROBLEM NINE 
PRESSURE 80.7 PSIA 
Rieb Oil 
Mols Mol Fractions Mols Mol Fractions 
76.02629 .93354 6.17371 .14078 
4. 3lll3_ .05294 2.58887 .05904 
1.07176 .01316 5.53824 .12629 
0.01589 .00020 0.79411 .01811 
o.012s2 .00016 1.89718 .,04326 
0.0005s .00001 1.56942 .03579 
25.29116 .57673 
81.43847 1.00000 43.85270 1.00000 
Absorption 
Efficiency 
Factors 
.07597 
.37810 
.83951 
.98061 
.99337 
.99964 
1.00000 
c..i 
"'1 
Component,s 
c1 
c2 
c3 
iC 4 
nC4 
iC5 
nC5 
c13 
Totals 
TABLE XVII 
KREMSER-BROWN MA'l'ERIAL BALANCE AND ABSORP'fION El<'FICIENCY F AC'l'ORS 
Lean Gas 
PROBLEM TEN 
PRESSURE '720 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
Absoq:ition 
Efficiency 
li'actors 
'7'7 .02897 
'7.71001 
2.68607 
0.0432~3 
0.02662 
0.00014 
0.00008 
87.49512 
.88038 
.08812 
.03070 
.00049 
.00030 
.00000 
.00000 
1.00000 
3.76644 
2.27511 
4 .. 35349 
0.5'7353 
1.08993 
0.15937 
0.28703 
19 .1184,5 
31.62333 
, _____ , _________________ , ______ _ 
.11910 
.0'7194 
.13767 
.01814 
.03447 
.00504 
.00908 
.6045'7 
1.00000 
.04662 
.22785 
.61843 
.92991 
.97616 
• 99911 
.99969 
1.00000 
c,.i 
(X) 
Components 
cl 
c2 
C 3 
iC4 
riC 4 
iC5 
·c14 
·Totals 
TABLE XVIII 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
PROBLEM ELEVEN 
PRESSURE 60.7 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
50.96987 .,75244 2.04013 .01421 
11.35853 .16768 3.45147 .02404 
5.24058 .07736 13.18942 .09187 
0.,09412 .00139 2.78588 .01940 
0.07533 .00111 7.21467 .05025 
0.,00088 .00001 3.57912 .02493 
111.30942 .77530 
67.73932 1.00000 143.57011 1.00000 
Absorption 
Efficiency 
Factors 
.03904 
.23572 
.71867 
.96779 
.98982 
.99976 
1.00000 
vi 
co 
Components 
c1 
c2 
c3 
iC4 
nC4 
iC5 
nC5 
c6 
c12 
Totals 
------------- -- ---- ------ -- ------ -
TABLE XIX 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
86.67038 .94412 
4-.44632 .04843 
0.68268 .00744 
0.00082 000001 
0.00005 .00000 
91.80026 1.00000 
PROBLEM T\fELVE 
PRESSURE 865 PSIA 
Rich Oil 
Mols Mol Fractions 
4.06962 .16985 
1.31368 .05483 
1.35732 .05665 
0.23918 .00998 
0.52995 .02212 
0.26000 .01085 
0.15000 .00626 
0.28000 .01169 
15.76065 .65778 
23.96Q39 1.00000 
Absorption 
Efficiency 
Factors 
.04532 
.22999 
.66778 
.99662 
.99991 
1.00000 
1.00000 
1.00000 
1.00000 
,i:,. 
0 
Components 
c1 
c2 
C 3 
iC4 
nC4 
iC 5 
nC 
. 5 
cl4 
Totals 
·, 
TABLE XX 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
PROBLEM THIRTEEN 
PRESSURE 975 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
84.55677 .,93711 4.62323 .16607 
4.41467 .04893 1.26533 .04545 
1.16101 .01287 1.47899 .05313 
0.-06691 .00074 o.55309 .01987 
0.03136 .00035 0.79864 .02869 
0.00039 .00000 0,.31961 .01148 
0.00028 .00000 0.12912 .02621 
18.07077 .64911 
90.23139 1.,00000 27.,83938 1.00000 
Absorption 
Efficiency 
Factors 
.05239 
.22470 
.56296 
.89319 
.96265 
.99881 
.99962 
1.00000 
,j:>, 
.... 
Components 
cl 
e 2 
e:; 
iC 4 
riC4 
iC5 
-c12 
Totals 
TABLE XXI 
KREMSER-BROWN MATERIAL BALA.l~CE AND ABSORPTION :E:FFICIENCY FACTORS 
PROBLEM FOURTEEN 
PRESSURE 208.7 P5IA 
Lean Gas Rich Oil Abs-orption 
Efficiency 
Mols Mol Fractions Mols Mol Fractions Factors 
8 .. 78672 .32394 1.46500 .01136 .14765 
16.99026 .62639 32.32968 .25074 .66406 
L33085 .04906 32.62165 .25300 .96222 
0.00938 .00035 2.13232 .01654 • 99579 
0.00689 .00025 3.62689 • 02813 - .99818 
0.00011 .00000 0.70025 .00543 .99984 
56.06252 .43480 1.00000 
2'7.12421 --1.00000 128.93831 
,j::,. 
l\:) 
Components 
c1 
c2 
C 3 
iC4 
nC 
·4 
iC5 
:o.C5 
c12 
Totals 
TABLE XXII 
KREMSER-nROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
44.94589 .75544 
12.81061 .21532 
1.73807 .02921 
0.00123 .00002 
0.00043 .00001 
59.49623 1.00000 
PROBLEM FIFTEEN 
PRESSURE 266 PSIA 
Rich Oil 
Mols Mol Fractions 
3.46411 .03799 
7027939 .. 07983 
20 .. 22193 • 22178 
2.,22877 .02444 
6.03957 .,06624 
o.69000 .00757 
0.58000 .00636 
50.67830 .55579 
91,.18207 1.00000 
Absorption 
Efficiency 
Factors 
.07269 
.36626 
. 
.92208 
.99946 
.99993 
1.00000 
1.00000 
1.00000 
ii:. 
«:,I 
Components 
cl 
e 2 
e 3 
iC 4 
IiC 4 
"f:' J..v_ 
;:) 
·c14 
Totals 
TABLE XXIII 
KREMSER-BROWN MA'rEHIAL BALANCE AND ABSOHPTION EFFICIENCY FACTORS 
Lean Gas 
Mols M.ol Fractions 
78.90203 .88208 
7.35708 .08225 
3.07047 .03433 
0.08360 .00093 
o.03660 .00041 
0.00012 .00000 
89.44989 1.00000 
PHOBLEM SIXTEEN 
PRESSURE 427 PSIA 
Hich Oil 
Mols :Mol F'ractions 
2.41797 .07958 
1.35292 .04453 
2.'72953 .08984 
0.82640 .02720 
1.76340 .05804 
1 o Ll5988 .04805 
19.83366 .65277 
30.38377 1.00000 
Absorption 
Efficiency 
Factors 
.03006 
.. 15681 
.,17339 
.90901 
.97987 
.99~92 
1.00000 
,i:,. 
,i:,. 
Components 
1'ABLE XXIV 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION Eli'FICIENCY FA.C'l'ORS 
Lean Gas 
Mols Mol Fractions 
PROBLEM SEVENTEEN 
PRESSURE 695 PSIA 
,,, ___ , _____ ,,, _______ ---· ····-------
Rich Oil 
Mols Mol Fractions 
Absorption 
Efficiency 
Factors 
--------------------------·--· --·~·----·---··-··"""""'---··· ··----------------------
cl. 
C,> 
"~ 
c3 
iC4 
ne 4 
iC.,. 
0 
ri.C,,,, 
;:) 
c13 
Totals 
76;,50167 086820 
8.77644 .09960 
2...71910 .03086 
0.07582 .00086 
0.04178 .0004'1 
0:00003 .00000 
OeOOOOl .00000 
88.11485 1.00000 
3.11661 
l. t)4221 
2.65894 
0.'716(H) 
2.01213 
0.40833 
1.03025 
17.57845 
-.. ,-
29.46361 
.10578 
.06592 
.09024 
.02432 
.068291 
.01386 
.03497 
.59662 
.03962 
.,18307 
.49753 
.90538 
.97988 
.99993 
• 999!)9 
1.00000 
,i:,. 
CJ1 
Components 
c1 
c2 
c3 
iC4 
nC4 
ie 5 
ne5 
e13 
Totals 
TABLE XXV 
KREMSER~BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
Lean Gas 
PROBLEM EIGH'l'EEN 
PRESSURE 950 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
81.01406 .94880 6.78594 .16771 
3.,87786 .04542 1.98214 .04899 
0.48782 .00571 2.25218 .05566 
0.00526 .00006 0.87474 .02162 
0.00078 .00001 0.87922 .02173 
0.47000 .01162 
1.37000 .03386 
25.84908 .63883 
85.38579 1.,00000 40.46329 1.00000 
Absorption 
Efficiency 
Factors 
.,07813 
.34089 
.82366 
.99409 
.99913 
1.00000 
1.00000 
1.00000 
,,I:>, 
O> 
Compone;nts 
cl 
c2 
e 3 
iC 4 
ne 4 
iC 5 
·e14 
Totals 
TABLE XXVI 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EFFICIENCY FACTORS 
PROBLEM NINETEEN 
PRESSURE 1464 PSIA 
Lean Gas Rich Oil Absorption 
Efficiency 
Mols ~ol Fractions Mols Mol Fractions Factors 
- 79.92337 .91537 5.87663 .19713 .06923 
5.56983 .06379 L91017 .06408 .25756 
1.71338 .01962 2.30662 .• 07738 .57659 
0.06852 .00078 0.57148 .01917 .89408 
0.03695 .00042 1.16305 .03901 .96959 
0.00042 .00000 0.85958 .02884 .99952 
17.12290 .57439 1.00000 
87.31247 1.00000 29;81043 1.00000 
.r 
,j::o 
-..J 
J~ 
Components 
cl 
C 2 
c3 
iC4 
11.C 4 
iC 5 
ne 5 
c14 
Totals 
'!'ABLE XJ..'VII 
KREMSER-BROWN MATERIAL BALANCE AND ABSORPTION EF'l<'ICIENCY li'ACTORS 
Lean Gas 
PROBLEM TWENTY 
PRESSURE 1815 PSIA 
Rich Oil 
Mols Mol Fractions Mols Mol Fractions 
76.56826 .91161 8.82174 .22988 
4.24197 .05050 1.90803 .04972 
2.66746 .o::n76 3.05254 .07954 
0.20221 .00241 0.46Tl9 .01219 
0.20326 .00242 0.65674 .Ol'ill 
0.03100 .00037 0.24900 .00649 
0.07817 .00093 0.85183 .02220 
22.36844 .58287 
,,._,_. __ ,., 
83.99234 1.00000 38.37610 1.00000 
Absorption 
Efficiency 
Factors 
.10443 
.31281 
.53664 
.70074 
.76584 
.89050 · 
.91690 
1.00000 
*" 00 
·--
Components 
cl 
c2 
c3 
nC4 
nC5 . 
c6 
C 7 
Totals 
TABLE XXVIII 
EDlllUSTER :MATERIAL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FACTORS 
- ' 
Lean Gas 
Mols Mol Fractions 
8.05587 011357 
21.36965 .30127 
18.66995 .26321 
12.67279 .17866 
8.98392 .12666 
1.06148 .01497 
0.11742 .00166 
70.93108 1.00000 
PROBLEM ONE 
PRESSURE 64.7 PSIA 
Rich Oil 
Mols Mol Fractions 
0.27747 .00242 
3.63036 .o:n67 
14.66338 .12790 
23.02467 .20083 
52.83670 .46086 
14.98470 .,13070 
5.23132 .04563 
114.64861 1.00000 
Efficiency Factors 
Absorption Stripping 
.03330 
.14521 
.43990 
.66383 
.05434 
.06615 
.02195 
..i::,. 
(0 
Comp(?nents 
c1 
ca 
c3 
iC4 
nC4 
iC5 
·c14 
Totals 
TABLE XXIX 
EDMISTER MATER!~ BALANCE AND ABSORPTION - STRIPPING EFflCIENCY FACTORS 
PROBLEM TWO 
PRESSURE 75 PSIA 
Lean Gas Rich Oil Efficiency Factors 
Mols Mol Fractions Mols Mol Fractions Absorption Stripp~ng 
84.63639 .93238 2.28362 .02956 .02627 
3.61391 .03981 o.71609 .00927 .16538 
2.37751 .02619 2.94249 .03809 .55310 
o.05943 .00065 0.54057 .00700 .90095 
0.05924 .00065 1.41076 ~,01826 .95970 
0.00367 .00004 1.35633 -.01756 .99730 
0.02427 .00027 67.99675 .88026 .00036 
90.77441 1.00000 77.24661 1.00000 
en 
0 
Components 
cl 
c2 
c3 
iC4 
nC4 
iC5 
nC5 
c12 
Totals 
TABLE XXX 
EDMISTER MA'fERIAL BALANCE AND ABSOHP'.l'ION - STRIPPING EI•'FICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
65. 1'7666 .90932 
6.17629 .08617 
0.29976 .00418 
0.00089 .00001 
0.00043 .00001 
0.00000 .00000 
0.00000 .00000 
0.02254 .00031 
71.67658 1.00000 
PROBLEM THREE 
PRESSURE 195 PSIA 
Rich Oil 
Mols Mol Fractions 
6.20334· .05282 
6.19371 .05273 
9.43024 .08029 
1.28911 .01098 
3.18957 .02716 
0.72000 .00613 
1.32000 .01124 
89.10'775 • 'i'5866 
11'7. 45372 1 
. Efficiency Factors 
. Absorption Stripping 
.08691 
.50070 
.96919 
.99931 
.99986 
1.00000 
1.00000 
.00025 
.CJ! 
""" 
Conrponents 
cl 
C 2 
c3 
iC4 
nC4 
iC5 
·c12 
'I'otals 
TABLE XXXI 
EDMIS'l'ER MATERIAL BALAJ.VCE AND ABSORPTION - S'I'lUPPING EI~FIC !ENCY FACTORS 
Lean Gas 
Mols M<>l Fractions 
83.47049 .90250 
6.4'7064 .06996 
2.31583 .02504 
0.11641 .,00126 
0.07947 .00086 
0.00018 .00000 
0.03553 .00038 
~ 
912.48855 1.,00000 
PROBLEM FOUR 
PRESSURE 410 PSIA 
Rich Oil 
Mols Mol Fractions 
2.11451 .11441 
o. 97'136 .05288 
lo49817 .08107 
0.50759 .02747 
1. :58153 .074'75 
1.06782 .05778 
10. 934,09 .59164 
18.48107 1.00000 
Efficiency Factors 
Absorption Stripping 
.02471 
.13123 
.39281 
.81344 
.94,560 
.99983 
.00324 
C,'l 
[I., 
Compc:ments 
c1 
c2 
c3 
iC4 
riC4 
iC 5 
ne5 
c11 
Totals 
TABLE XXXII 
EDMISTER MATERIAL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
78 •. 02706 .,91724 
5.69729 .06697 
1.21539 .01429 
0.04824 .,00057 
0.,02735 .ooo::rn 
0.00036 000000 
0.00033 000000 
0.05108 .,00060 
85.06710 1000000 
PROBLEM FIVE 
PRESSURE 1565 PSIA 
Rich Oil 
Mols Mol Fractions 
7.85294 .33445 
2.75271 .11723 
2.41461 .10283 
0.50176 .02137 
0.,79265 .03376 
0.18964 .00808 
0.,47967 .02043 
8.,49646 036185 
23.48045 1.00000 
Efficiency Factors 
Absorption Stripping 
.,09144 
.32576 
.66518 
.91229 
.96665 
.99812 
.99932 
.00598 
OI 
~ 
ComJJOnents 
c1 
c2 
c3 
iC4 
nC4 
iC5 
·c11 
Totals 
TABLE XX.XI I I 
EDMISTER MATERIAL BALANCE AND ABSOHPTION - STRIPPING Eli'l<'ICIENCY FACTORS 
Lean Gas 
Mols Mol l<"""'ractions 
75.67415 .92260 
.5.10904 .06229 
1.08296 .01320 
0.06634 .00081 
0.04752 .00058 
0.00937_ .00011 
0.03326 .00041 
82.02264 1.00000 
PROBLEM SIX 
PRESSURE 1575 PSIA 
Rich Oil 
Mols Mol Fractions 
9.81585 .35547 
3.46096 .12533 
2.77704 .10057 
o.54366 .01969 
0.72248 .02616 
o.69063 .02501 
9.60322 .34777 
2'7.61384 
Efficiency Factors 
Absorption Stripping 
.11482 
.40385 
.71944 
.89125 
.93828 
.98662 
.00345 
Oi 
,.pa. 
Componen_ts 
-
cl 
c2 
c3 
iC4 
nC4 
iC5 
·c14 
Totals 
TABIB XKXIV 
EDMIS'fER MATERIAL BALANCE AND ABSORPTION - STRIPPING EI~F'ICIENCY FACTORS 
Lean Gas 
Mol.s1 Mol Fractions 
18.43323 .76155 
5.54713 .22917 
0.21994 .00909 
0.00009 .00000 
0.00002 .00000 
0.00000 .00000 
0.00460 .00019 
24.20502 1.00000 
PROBLEM SEVEN 
PRESSURE 94.7 PSIA 
Rich Oil 
Mols Mol l<'ractions 
:3oo2677 .01059 
21.59287 .07555 
50.08006 .17523 
0.54991 .00192 
0.39998 .00140 
0.15000 .00052 
209.99260 .73477 
285.79219 1.00000 
Efficiency Factors 
Absorption Stripping 
.14104 
.79561 
.99563 
.99983 
.99995 
1.00000 
.00002 
Qi 
CJ! 
Components 
c1 
c2 
c3 
iC4 
nC4 
iC5 
nc5 
·c6 
c13 
Totals 
TABLE XXXV 
EJl4ISTER MATERIAL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
72.25806 .92916 
4.65452 .05985 
0.,84725 001089 
0 .. 00243 .00003 
0 .. 00059 .00001 
0 .. 00000 .. 00000 
0.00000 .00000 
0.00000 .. 00000 
0.00457-:::.. .00006 
77.76742 1.00000 
--/ 
PROBLEM EIGHT 
PRESSURE 545 PSIA 
Rich Oil 
Mols Mol Fractions 
5.48194 .. 12661 
2.32548 .05371 
5 .. 62275 .12986 
·1.57757 .. 03644 
3.26941 .07551 
1.33000 .03072 
0.96000 .• 02217 
lo·67000 .03857 
21.06066 .48641 
43.29780 1 .. 00000 
Efficiency Factors 
Absorption Stripping 
.07052 
.33316 
.86905 
.99846 
.99982 
1 .. 00000 
1.00000 
1.00000 
.00022 
C1I 
CJ) 
Components 
c1 
c2 
c3 
iC4 
11C4 
iC5 
c14 
Totals 
TABLE XXx-YI 
EDMIS'rER MA'l'ElU.AL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FAC'l'OHS 
Lean Gas 
Mols Mol li'ractions 
75.05021 .93443 
4.17309 .05196 
1.05947 .01319 
0.01663 .00021 
0.01386 .00017 
0000065 .00001 
0.00232 .00003 
80.31624 1.00000 
PROBLEM NINE 
PP.ESS URE 80. 7 PS IA 
Rich Oil 
Mols Mol Fractions 
7.14979 .19738 
2.,72691 .07528 
5.55053 .15323 
0.79337 .02190 
1.89614 005234 
1.56935 .04332 
16.,53784 .45654 
36.22392 1.00000 
Efficiency Factors 
Absorption Stripping 
.08698 
.39520 
.83972 
.97947 
.99274 
.99958 
.00014 
(,'l 
"'1 
Components 
c1 
c2 
c3 
iC4 
nC4 
iC5 
riC5 
c13 
Totals 
TABLE XX.XVII 
EDMISTER MATERIAL BALANCE AND ABSORPTION - STRIPPING Eli':F'ICIENCY FAC'l'OHS 
·Lean Gas 
Mols Mol Fractions 
76.41397 .88133 
7.50091 .,08651 
2.67344 .03090 
0.05408 .. 00062 
0.03922 .00045 
0.00031 .00000 
0.00021 .00000 
0.01497 .00017 
86.69711 1.00000 
PROBLE?-i TEN 
PRESSURE 720 PSIA 
Rich Oil 
Mols Mol Fractions 
4.38143 .17681 
2.48420 .10025 
4.36047 .17596 
_0.56268 .02271 
1.07733 004347 
0.15920 .00642 
0.2.8690 .01158 
11.46895 .46281 
24.78116 1.00000 
Efficiency Factors 
Absorption Stripping 
.05423 
.. 24879 
.61943 
.91231 
.96487 
099804 
.99925 
.00130 
c.n 
(l) 
Compouents 
c1 
c2 
c3 
iC4 
nC4 
iC5 
·c14 
Totals 
TABLE XXXVIII 
EDMISTER MATERIAL BALANCE AND .ABSORPTION - STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
50.95308 075267 
11.37343 .16801 
5.18849 .07664 
0.09096 .. 00134 
0.0710s .00105 
o.ooos3 .00001 
0.01836 .00027 
67.69623 l.,00000 
PROBLEM ELEVEN 
PRESSURE 60.7 PSIA 
Rich Oil 
Mols Mol Fractions 
2.05692 .01356 
3.43657 .02265 
13.24151 .08727 
2.78904 .01838 
7.21892 .04757 
3.57917 .02359 
119.41662 .78699 
151.73875 1.00000 
Efficiency Factors 
Absorption Stripping 
.03880 
.23204 
.71848 
.96842 
.99025 
.99977 
.,00015 
en 
~ 
Components 
cl 
c2 
C 3 
iC4 
nC4 
iC5 
i1C5 
C . 
6 
c12 
Totals 
· TABLE XXXIX 
EDMISTER MATERIAL BALANCE AND ABSORPTION-STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
C 
86.00002 .94483 
4.31873 .04745 · 
0.67638 .00743 
0.00165 .00002 
0.00015 .00000 
0.00000 .00000 
0.00000 .00000 
0.,00000 .00000 
0.02500 .00027 
-
91.02193 1.00000 
PROBLEM TWELVE 
PRESSURE 865 PSIA 
Rich Oil 
Mols Mol F'ractions 
4.73998 .23969 
1.44127 .07288 
1.36362 .06895 
0.23835 .01205 
0.52985 .02679 
o .• 2aooo .01;315 
0.15000 .00759 
0,.28000 .01416 
10.77269 .54474 
19.77576 1.00000 
Efficiency Factors 
Absorption Stripping 
.05224 
.25022 
.66844 
.99312 
.99972 
1.00000 
1.00000 
1.00000 
.00232 
CD 
0 
Components 
c1 
c2 
C 3 
iC4 
nC4 
iC5 
nC5 
c14 
Totals 
TABLE XL 
EDMISTER MATERIAL BALANCE AND ABSORPTION -STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
83.99677 .93739 
4 .. 32931 .04831 
1,.15481 .0128~ 
0.07726 .00086 
0.04122 .00046 
0.00070 · .00001 
0.00056 .00001 
0.00670 .00007-
89.60734 1.00000 
PROBLEM THIRTEEN 
PRESSURE 975 PSIA 
Rich Oil 
Mols Mol Fractions 
5.18323 .23451 
1.35069 .06111 
1.48519 .06720 
o.54274 .02456 
0.78878 .03569 
0.31930 .01445 
0.72944 .03300 
11 .. 70321 .52950 
22.10258 1.00000 
Efficiency Factors 
Absorption Stripping 
.05812 
.23780 
.56257 
.87539 
.95033 
,.99781 
.99924 
.00057 
a, 
..... 
Components 
cl 
e· 
2 
e 3 
ie. 
4 
ne4 
ie 5 
'6 12 
Totals 
TABLE XLI 
EDMISTER MATERIAL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FACTORS 
-Lean Gas 
Mols Mol Fractions 
8.91796 .32126 
17.53677 .63174 
1.28006 .,04611 
0.00868 .ooo:n 
0.00633 .00023 
0.00010 .00000 
0.00937 .00034 
27.75927 1.00000 
PROBLEM FOURTEEN 
PRESS URE 208. 7 PS IA 
Rich Oil 
Mols Mol Fractions 
.. _ 
1.33377 .00986 
31.'78316 .23492 
32.67243 .24150 
2.13302 .015'77 
3.62745 .02681 
0.70026 .00518 
63.04135 .46597 
135.29144 1.00000 
Efficiency Factors 
Absorption Stripping 
.13010 
.64443 
.96230 
.. 99595 
.99826 
.99985 
.00015 
Cl 
t,:) 
Components 
cl 
c2 
c3 
iC4 
nC4 
iC5 
nC5 
c12 
Tote.ls 
TABLE XLII 
EDMISTER MATERIAL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols ·Mol Fractions 
44.70374 .75681 
12.63594 .21392 
1.,69471 .02869 
0.00120 .. 00002 
0.00042 .00001 
0.00000 .00000 
0.00000 .00000 
0.03236 .00055 
59.06838 1.00000 
PROBLEM FIFTEI!:N 
PRESSURE 266 PSIA 
Rich Oil 
Mols Mol Fractions 
3.70626 .04220 
7',,45406 .08487 
20.26529 .23073 
2.22·sao .02538 
6.,03958 .. 06876 
0.69000 .00786 
0.58000 .00660 
46.86871 .53361 
87.83269 1.00000 
Efficiency Factors 
.Absorption Stripping 
.07656 
.,37103 
.92283 
.99946 
.99993 
1.00000 
1.00000 
.00069 
(j) 
c,J 
Components 
cl 
c2 
c3 
iC 4 
nc4 
iC 
'"' 5 
·e 14 
Totals 
TABLE XLIII 
EDMISTER MA'l'EH.IAL BALANCE AND ABSORPTION -STRIPPING EFFICIENCY FACTORS 
Lean Gas 
Mols :Mol li'ractions 
78.,56075 .88241 
7.25922 .08154 
3.05440 .03431 
0.,09851 .00111 
0.05075 .00057 
0.00024 .• 00000 
0.00560 .00006 
89.02945 1.00000 
PROBLEM SIXTEEN 
PRESSURE 427 PSIA 
Rich Oil 
Mols Mol Fractions 
2.75925 .10690 
1.45078 ,,05620 
2.74560 .10637 
0.81149 .03144 
1.74925 .06777 
1.45976 .05655 
14.83641 .57477 
25.81256 1.00000 .. 
Efficiency Factors 
Absorption Stripping 
003393 
.16657 
.47338 
.89175 
.97181 
.99984 
.,00038 
0, 
it:,. 
Components 
cl 
c2 
c3 
iC4 
nC LJ: 
iC5 
riC5 
c13 
'l'otals 
'fABLE XLIV 
EDMISTEH l'.'UTERIAL BALANCE AND ABSORP'l'ION - STRIPPING EF'1',ICIENCY FACTORS 
Lean Gas 
Mols Mol Fractions 
75.99224 .86869 
8.60082 .09832 
2.70018 .03087 
0.09769 .00112 
0.0'7137 .00082 
0.00010 .00000 
0.00006 .00000 
0.01703 .00019 
87.47949 1.00000 
PROBLEM SEVENrEEN 
PRESSURE 695 PSIA 
Rich Oil 
Mols Mol Ji'ractions 
3.62604 .15748 
2.11783 .09198 
2.67786 .11630 
0.69482 .03018 
1.98254 .08611 
0.40826 .OlI773 
1.03020 .04474 
10.48712 .45547 
-"'·~-
23.02467 1.00000 
Efficiency Factors 
Absorption Stripping 
.. 04554 
.19758 
.49792 
.87673 
.96525 
.99975 
.99995 
.00162 
(j) 
C}I 
Compo,nen ts 
c1 
cr:o 
"' 
c'7. 
u 
iC4 
n:c4 
iC_ 
0 
n.C -5 
e13 
'l'otals 
TABLE XLV 
EDMISTER MATERIAL BALANCE AND ABSORPTION - S'fRIPPING EFFICIENCY FACTORS 
PROBLEM: EIGH'l'EEN 
PRESSURE 9,50 PSIA 
Lean Gas Rich Oil Efficiency Factors 
Mols Mol Fractions Mols 111.lol Fractions Absorption Stripping 
-· 
80.27741 .94953 7.52259 .22751 .08568 
3.76235 .04450 2.09765 .06344 "35796 
0.48277 .00571 2.25723 .06827 .82381 
0.00650 .00008 0.87350 .02642 .99261 
0.00107 .00001 0087893 .02658 .99878 
0.00000 .00000 0.47000 .01421 .99999 
0.00000 .00000 1.37000 .04143 1.00000 
0.01444 .00017 17.59539 .5321':l .00082 
84.54455 1.00000 33.06528 1.00000 
C,) 
O'l 
Components 
c1 
c2 
c3 
iC4 
nC4 
iC0 
c14 
'l'otals 
TABLE XLVI 
EDMIS'fER MATERIAL BALANCE AND ABSORPTION - STRIPPING EFFICIENCY FACTORS 
Mols 
79.12557 
5.43230 
1. 70336 
0.08220 
0.05393 
0.00099 
0.00649 
86.40486 
Lean Gas 
PROBLEM NINETEEN 
PRESSURE 1464 PSIA 
Rich Oil 
Mol 1',ractions Mols Mol Fractions 
.91575 6.67443 .29513 
.06287 2.04770 .09054 
.01971 2.31664 .10244 
.00095 0.55780 .02466 
.00062 1.14607 .05068 
.00001 0.85901 .03798 
.00008 9.01368 .39857 
1.00000 22.61532 1.00000 
Efficiency Factors 
Absorption Stripping 
.07779 
.27376 
.57628 
.87156 
.95506 
.99884 
.. 00072 
a, 
"1 
Components 
c1 
c2 
c3 
iC4 
riC4 
iC5 
riC5 
c14 
Totals 
TABLE XI.VII 
EDMISTER MATERIAL BALANCE AND ABSORPTION-STRIPPING EFFICIENCY FACTORS 
Lean -Gas 
Mols Mo-1 · Frac ti.ons 
76.11659 .,91166 
4.18668 .05014 
2.65139 .03176 
0.20437 .00245 
0.20735 .,00248 
0.03281 .00039 
0.08381 .00100 
0.00972 .00012 
83.49272 1.00000 
PROBLEM TWENTY 
PRESSURE 1815 PSIA 
Rich Oil 
Mols Mol Fractions 
9.27341 .36049 
1.96332 .07632 
3.06861 .11929 
0.46563 .01810 
0.,65265 .02537 
0.24719 .00961 
0.84619 .03289 
9.20763 .35793 
25.72464 
Efficiency Factors 
Absorption Stripping 
.10860 
.31924 
.,53647 
.,69497 
.75890 
.88281 
.90989 
.00105 
0, 
00 
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CHAPTER V 
llSCUSSION OF RE.SUL~S 
The program fo,r the computer performs th~ required calculations 
on a non-reboiled absorber. The rich gas feed and lean oil solvent 
compositions are each limited to not more than twenty individual 
components. Absorption problems genera],ly E;?ncountered do not pos-
sess feed product streams containing more than ten components; there-
fore, a program limited to twenty components for the stream compo-
sitions should prove adequateo 
The number of plates of each prC?blem used to evaluate the per-
for~ance of the developed prog:ra1.11 are reported by NGAA ( 15) as 
actual plates. The problem of reducing the number of actual plates 
to an equivalent number <;>f theoretical plates is immediately evi-
dent. No information regarding over-all plate efficiencies of the 
absorber towers on which test runs were performed is available. 
1rhe over-all plate efficien~ies of low ·pres'.~ure hydrocarbon absorb-
ers have bee~ reported to ),"'.ange between 20 and 45 percen-t and high 
pressure towers ( 100 to 5QO :Pts:!-a) bet,een 45 and 60 percent ( S) .. 
With these efficie:µc;ies as guides, the problems obtained from NGAA .. 
were run on the computer w;i, th the theo:retical plate number being 
varied until the lean gas composition closely -matched that of ex-
perimental data. The properties of the lean solvent oils usually 
' ' . . 
given are norma~ boilirig .pointi;larid molecular. ,vei"ghts but may or.may riot 
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include information regard:i.ng: the~ composition of Ute oil in terms 
of individual components. Problem data from lllGAA :provide only 
molecular weig;hts of the solvent oils. The assum1Jition was macfo that 
the sol vent oil would behave as the 11ure hydrocarbon l1aving the 
molecular weight nearest that of the solvent oil. Estimation of' 
I{ eqtdlibrium data and enthalpies was then made for the lean oil 
as if it were a pure hydrocarbon strea1.m. 
The criterion for considefing perf6rmance of the program good 
is that the calculated lean oil requirements, tem1:1eratures, and 
product compositions be similar to those obtained during actual 
test runs. 
T11e lean !':l;as, lean oil, and rich oil rates calculated by the 
J)rog;ram are l)resented in 'J:able,s I and II. Also !)resented are test 
run data listed as 11 experimentaP1 witb the exce1:1tion of Problem 
One. 'l'he ex1)erimental data for Problem One was obtained by hand 
calculations using dew point and bubblf.:'! :point CB,lculations to es-
timate the lean e;as and rich oil tem1~1eratures. Comparison of the 
results obtained by the Kren1ser-Br0"1vn method and those obtained by 
the Edbmister method with actual e~q;ierimental data indicate t.he 
Edmister results are consistently closer than tb,e Kremser-Bro 1,1m to 
eJqJerimental values. This is to be e,,rpected because the Kremser-
Brown c.:,lculations are based 011 tbe arithmetic uverag;e of the tem-
peratures and JJiressures e1dsting at tlu" to1s1, and bottom of t.he ab-
sorber. Also, the Krer11ser-Bro1,;vn perfor11ns calculations as if no 
absor1)tion hail occurred. No provision is u11ade in the 11lremser-Brown 
portion of the program for possible stripping of light components 
from the lean oil during its passage thro If an 
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essentially denuded oil is used as the solvent to the tower, the 
above assumption of no striJ;1Jping; would ha.ve no great consequence 
on the Kre1111ser-Brown results. 'l~he Kremser-Bro·1,/1rn lean oil re1tes, 
without exceJ)tion, coffnpar,12, unfavorably viri th actual test run datao 
'l'he Ed:r:nister stream rates ap]:)roximate actual test run results ·1,1ri tb 
a much greater degree of accuracy than do the rates obtained from 
the Kr,emser-Bro~vn calculations. 
Al though the approximation of actual test run data by the 
Edmister method is better than by the Kremser-Hrown, the results 
obtained for Problems 7 and 9 do not compare with 1::u1.y degree of 
accuracy to the e,qJierimental results o Possible error could have 
resulted from poor determination of the number of theoretical plates 
to be used in the problems. 'l'he experimental lean oil to rich gas 
ratios of these }Jroblems are lo 75 for Problem 91 and 2. 98 for Prob= 
lem. 7. These ratios are much larger than those of the other prob-
lems used in this study. 'This fact indicates the lean oil to rich 
oil ratios used durin~; the test rims of Problems 7 and 9 could 
have been in excess of those necessary. 
As sh.own in Table III, the rich oil temperatures calculated by 
heat balance agree well 'r,;lfi th actual data for low· 1iressure absorber 
systems hut for high :pressure absorber systems the deviation from 
actual data bracomes quite evident o 'rhis deviation was :probalbly 
a result of error in vap,or and liquid tmtbalpies used for the high 
r1,ressure range. 'l'he curves of the enthalJpy charts used ( 16) were 
extrapolated to obtain the requiri~d liquid and vapor enthal:pies 
for hig·h ]pressures. Error in esti11nating i:).nthalJ:iies from extrapo-
lated curves ,,iras probableo 
75 
The deviations from actual t,est run data indicated in '£ables 
I, II, and. III might be partially attributed. to the following factor. 
The K equilibrium data used in the curve fitting routines ·,were ob-
tained from NGAA charts for a range of tennperatures from o°F' to 
200°F. This range was ·in excess of that needed to calculate equi-
libriu.m data for the tower temperatures encountered. in this study" 
The temperature range in exJperimental data was from so°F to 120°F. 
An excessive range for K data is ex:pected to introduce error in the 
determination of ]product stream comJJosi tions 'I temI.1eratures 9 and lean 
oil requirements. A least squares curve fit of data obtained over 
an excessive tem1)erature range results in local deviations from ac-
tual equilibrium data. 
Figures 2 and 3 relate the effect of the number of tbeoreti-
cal Jilates on the rich oil temp1n~ature and lean oil rate of Prob-
lem 16. The temperature of the rich oil irtereased sharply with an 
initial increase of theoretical plates but remained almost constant 
with a number of theoretical plates in excess of eight. Similarly, 
after a sharp ird tial decrease in lean oil requirements j an almost 
constant quantity of lean oil was calculated if' more than eight 
theoretical plates were used. Figure 4- indicates the effect of 
theoretical plates on L/V ratioso The L/V ratios first decreased 
in Yalue ,with an increase of theoretical :plates. U:pon :further in-
creases of theoretic.al :plates, t:he L/V ratios a1Jproached constant 
values. Similar behavior for otber problems was observed during the 
performance study. 
T.he above observations can be explained by examination of 
Equations 8 and 13 in Ap:pendix B. Each of these equations contain 
a quantity similar to the term 
An+l - A 
An+.l - 1 
'rhis term may be expressed as 
( L )n+l.. L 
·W -w 
(iv)n+l - l 
76 
In Equations 8 and 13, the requirecl value of A, for a specified ab_-
sorption efficiency, decreases with an increase in the number of 
theoretical plates. Using the equivalent for the absorption factor 
L/KV, one observes that the value of L/V ( K equilibrium value is 
essentially constant) must decrease if the specified value of the 
left hand side of Equations 8 and 13 is to be maintained. If V 
(the gas stream) is considlered. essentially consta.nt throughout the 
absorber, tl1e decrease of the L/V ratio results from a decrease of 
the lean oil rate. An increase of plates is, therefore, expected 
to decrease the lean oil rate req11irement. The rich oil temJJera-
ture of the absorber is calculated by a heat balance around tbe 
tower. If' tile liquid quantity passing through the absorber is re-
duced, the beat balance around the tower is maintained by increas-
ing the temperature of the liquid leaving the tower, With the to-
tal absorption remaining essentially tbe same, the reduction of 
lean oil rate provides less oil to take up the heat of absorption. 
Estimation of the texilperatures of the leari. gas stream and the 
rich· oil stream were first attempted by dew poird:. and bubble point 
calculations on the product streams. The method was unsuccessful 
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for feed streams containing; a larg;e percentage of li~~ht hydrocarbons. 
1l1he t<:l'mJJeratures calculated by this method often dif:f ered as much 
as one hundred de~~rr:l'es from actual test run data. Consequently, 
dew· point ,and bi1bble J)oint estimation of t]ui product stream tem-
peratures was abandoned. '!'he method used is the calculation of the 
rich oil temJ1erature from an over-all 11:lleat balance with the lean 
gas t~!:im1J:1er1::it1..we being specified in th1r,} in:ir:1,ut data. 
Dur ill€!: the x.i,er:formance istud;y of tl:'u~ c1,11.lculation sequenc,e, the 
le1::m 1ias tem:perature in each of' th1e twenty problems was set to the 
exact value of the lean g;ars te1111perature ol,tai1:1ed durin11~ an actual 
test x·un. In actual use oi' the Jprot;ra.11i-11, i:u1ch specification of the 
le;;m gat:l te1nJ:1era:tu:rr.! 'fu'rrill not be :pos,sible. 
JJ1erience or availalll11, i11formatio11 re~tarir31.in1!~ the al:lsorber to be 
evs1.h.u:1.ted will bt~ 111.ec,~s1.!l1u·y b1efori:i ~1. lean g;f.t:s temperature can be 
f'ixed. '!'he average t,~1r1.Jpers11ture di:ff er11:mce between. the lean gas 
artd le1:m oil ten1pert11.tures for problei11:1,:s ]:1rov:lded. h;:!l NGAA was about 
nine der:rees I"ahre:nhei t. Tllie V,iJ1.lu.e ol1.~ 1;011:i:11e 1!\limilar value may be 
The affect of the lean 
le~m oil l"t,lte require1111,1:1111.t ,m,r,~ Ji;til"f!,11lle:nt,~d in 'l'abl1i!'s IV, V, VI, anc1 VII. 
Th• lean tempe~ature waa varied by five degree increments above 
and below the leeu1 oil tem:ipe:i."'~11tur~,s in each of' the four p,roblems 
Ui!IIHl for thi!!! i11:ive1l!lti11~1i1.1:io11. 1J~be tem11;:1,1ri,ture of the rich oil 1iltrea111 
f,or such beha.vio1" wai!I that tlu!1 rich oil t1~:111lJper,riLture was d.eter1:rnined 
by an over-,all heat bal,11ir1ce albou.t the to1Ner assu1m1ed to be adiabatic 
and in w:hicb no heat of 1;olut:ion ·occurred. 
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Also observed was an increase of the lean oil rate requirement with 
the increase of the lean g;as temperature. If the number of plates 
is fixed, the lean oil rate increases. This increase results from 
the fact that K equilibrium va.lues increase with temperature. If 
the absorption is to remain the same, the absorptio11 factor must 
maintain a constant value. The factor remains constant because the 
L term in the quantity L/KV increases to compensate for the in-
creasing K value. The gas quantity is not greatly affected by the 
small temperature change. 1'he lean oil requirement and the total 
net absorption was not changed by any great })erc.entage through a 
range of thirty degrees. The effect of an increase in the lean 
gas tem.perature, al though small, ,vas to increase the lean oil rate 
and d.ecrease the total net mols absorbed. The conclusion made was 
that the results of tower calculations are not appreciably changed 
if the lean gas temperature is estimated with only a fair degree 
of accuracy. 
Problems 1.d th lean gas temperatures less than the lean oil 
temperatures required a longer running time on the computer. The 
excessive time was caused by cycling that occurred in the Edmister 
method during the evaluation of a lean oil rate giving the correct 
absorption efficiency for the lcey comIJonent of the rich gas. The 
average time requirement of problems of this type for program load-
ing, calculations, and punch out was between twenty-five and thir-
ty minutes. The time requirement was shortened if the tolerance 
specified for the absorption efficiency was increased. Time re-
quirement observed for the problems wi tl1 a lean gas tem1)erature 
greater than the lean oil temperature was under fifteen minutes. 
CHAPTER VI 
CONCLUSIONS AND RECOMMICNDATIONS 
The purpose of this study was to adapt a sequence of absorber 
calculations to th.e IBM 650 Digital Computer. Th.e calculation 
seq.uence was to make a mathematic performance analysis on a straight-
run non-reboiled absorber. The sequence utilizes the Kremser-Brown 
method to obtain a first approximation of tower performance. The 
Edmister absorber calculations are then performed with first assump-
tions based on the Kremser-B,roM1 results. 
Analysis of the results in '!'ables I, II, and III indicates 
the Kremser-Brown calculations do not compare favorably with actual 
test run data. The Edmister results agree reasonably well with 
available absorber performance data. 
Product stream temperatures of absorbers using gas feeds having 
a large percentage methane or light hydrocarbon content could not 
be accurately estimated by dew point and bubble point calculations. 
Specification of the lean gas temJJ>erature in the input data and the 
calculation of the rich oil temperature by heat balance were ade-
quate for most :problems encountered. 
The effect of increasing the value of the estimated lean gas 
temperature was small. The general trend caused by the increase 
was an increase of lean oil required, a decrease of total absorp-
tion, and a lower rich oil temperature. 
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An increased number of theoretical }llates caused a sharp ini-
tial increase of the rich oil temperature follo1nred by insignificant 
changes with continued plate increases. An initial decrease of 
lean oil rate requirement followed by only slig·ht variation ,,as ob-
served with theoretical plate increases. 
The progr~un can llrovide eJdensive evaluation of absorber per-
formance for different tower condi tion.1s by eli11111inatio11 of a large 
portion of the time element normally involved in mul ti-tri.;111 solutions o 
lieco11unendations for future investigation are: 
(1) Computer application to stripper calculations with 
am eventual ~:oal of develo1:dng one program or two 
rel,Ited :i;11ro 1grams Cf.lJl1able of performing calculatior1s 
for both strippers and absorbers. 
( 2) Applicati,on of the :proi;p."am to a .study of over-all 
plate efficiencies ,cm a.bsorbere for 1,which test run 
data are available. 
1. 
2. 
5. 
6. 
7, 
8. 
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TABLE XLVIII 
RICH GAS FEED AND LEAN OIL COMPOSITIONS 
Problem Number One T,vo Three Four Five 
Rich Lean Rich Lean Rich Lean Rich Lean Rich Lean 
Components Gas Oil Gas Oil Gas Oil Gas Oil Gas Oil 
Mols Mol Frn Mols Mol Frn Mols Mol Frn Mols Mol Frn Mols Mol Frn 
c1 8.33 86.92 71.38 85.585 85.88 
C 2 25.00 4.33 12.37 7.448 8.45 
c3 33.33 5.32 9.73 3.814 3.63 
iC 
-
Oe60 L29 0.624 0.55 4 
nC 4 25.00 0.1250 1.47 3.19 1.461 0 .. 82 
iC5 - - 1.36 0.12 1.068 0.19 
nc5 8.33 0.6250 1.32 0.48 
c6 0.1875 
c7 0.0625 
c11 1.00 
c12 1.00 1.000 
c13 
c14 1.00 
' 
Totals 100.00 1.0000 100.00 1.00 100.00 1.00 100.000 1.000 100.00 1.00 
CX) 
ii:,. 
TABLE XLVIII (Continued) 
Problem Number Six Seven 
~~i.~:~i¢~t 
Rich Lean Rich Lean Rich Lean 
Components .Gas. .. Oil Gas Oil Gas Oil 
Mols Mol Frn Mols Mol Frn Mols Mol Frn 
",gl·~-,- .·,·-
cl 85049 21.46 77~74 
c2 8.57 27.14 6.98 
c3 3.86 50.30 6.47 
iC4 0.61 0.55 1.58 
nC4 0.77 0.40 3.27 
·iC 
. 5 0.70 0.15 1.33 
nC5 . 0.96 
c6 1.67 
c7 
c11 1.00 
c.12 
c13 1.00 
c· 14 LOO 
Totals 100.00 1.00 100,,00 1.00 100.00 1.00 
Nine 
Rich Lean 
Gas Oil 
Mols Mol Frn 
82.20 
6.90 
·6.61 
0.81 
1.91 
1.57 
1.00 
100.00 1.00 
Rich 
Gas 
Mols 
80.-80 
9.,98 
7,,04 
0.,62 
1 .. 12 
Oo16 
0.29 
100 .. 00 
Ten 
Lean 
Oil 
Mol Frn 
1.00 
1.00 
(X) 
OI 
TABLE: ){I.VIII ( Continued) 
Problem Number Eleven Tv.elve Thirteen 
Rich Lean Rich Lean Rich Lean 
Components Gas Oil Gas Oil Gas Oil 
Mols Mol Frn Mols Mol Frn Mols Mol Frn 
cl 53.01 90,,74 89.18 
C 2 14.81 5.76 5.68 
c3 18.43 2.04- 2.64 
iC4 2.88 0.24 0.62 
-
nC4 7.29 0.53 0.83 
iC5 3.58 0.26 0.32 
nCi::: 0.15 0.73 
0 
c6 0.28 
c7 
c11 
c12 LOO 
c13 
c14 1.00 1.00 
Totals 100.00 . 1.00 100.,00 LOO 100.00 LOO 
Fot1rteen 
Rich Lean 
Gas Oil 
Mols Mol Frn 
10.25 
49.32 
33.95 
2.14 
3.63 
0.70 
1.00 
100.00 1.00 
Fifteen 
Rich Lean 
Gas Oil 
Mols Mol Frn 
48.41 
20.09 
21.96 
2.23 
6.04 
0.69 
0.58 
1.00 
100.00 1.00 
00 
0) 
TABLE XLVIII (Continued) 
Problem Nwnber Sixteen Seventeen Eighteen 
Rich Lean Rich Lean Rich Lean 
Components Gas Oil Gas Oil Gas Oil 
Mols Mol Frn Mols Mol Frn Mols Mol Frn 
c1 81.32 79.618 87.80 
C 2 8.71 
-
10.719 5.86 
c::; 5.80 5.378 2.,74 
iC4 0.91 0.792 0.88 
-nc4 1.89 2.054 0.88 
-
iC5 1.46 0.408 0.47 
nC5 1.030 1.37 
c6 
c7 
c11 
c12 
c13 1.000 1.00 
c14 1.00 
Totals 100.00 1.00 100.000 1.000 100.00 1.00 
Nineteen 
Rich Lean 
Gas Oil 
Mols Mol Frn 
85.80 
7.48 
4.02 
0.64 
1.20 
0.86 
1.00 
100.00 LOO 
Twenty 
Rich Lean 
Gas Oil 
Mols Mol Frn 
85.39 
6.15 
5.72 
0.67 
0.86 
0.28 
0.93 
1 .. 00 
100.00 1.00 
CD 
"'1 
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APPENDIX B 
DEVELOPMENT OF ABSORBER EQUATIONS 
Kremser-Brown Equations 
Assumptions: 
(1) Raoult's Law applies 
(2) Theoretical plate concept applies. 
(3) An average absorption factor may be used. 
(4) The gas and oil stream quantities remain constant 
throughout the absorber or stripper colwnn. 
(5) Equilibrium between vapor and liquid exists on 
each theoretical plate. 
Derivation: I From the ideal gas law, the partial pressure p 
of a solute gas equ~ls the product of its vapor pressure P at the 
sai11Hi temperature and its m.ol fr'action in the solution x (Raoult 's 
LLJ1W), 
p' = Px 
Because the pa~tial pressure equals the total pressure multiplied 
by the mol fraction in the gas (D1:llton 1 s Law), Raoult's Law 1.nay be 
written: 
n:y = J?x I = p (1) 
A material balance around a column similar to the one shown in 
Figure 1 provides the following equation. 
V 1 (Y l - Y1) = L (X - X) n+ .n+ , .· o n o (2) 
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90 
The following equation is obtained by a material balance aroWld 
Plate i. 
V 1 {Y. 1 -Y.) =L (X.-X. 1 ) n+ 1+ 1 o 1 · 1-. (3) 
From Equation l, the following expression is obtained. 
By definition of mol fraction of a component in a stream, the fol-
lowing equations are obtai11ed. 
By substitution into Equation 1, the following is obtained. 
(4) 
Substitution for Xi and Xi-I in Equation 3 is made by use of 
Equation 4. 
By defining Ai as 
tion becomes 
yi-lLi-1 
mi-lvi-1 
and Ai-l as 
L, 1 1-
--... -- 9 the above equa.-llli-1 V i-l 
Y. 1 + A .. 1 y' 1 1+ 1- 1-
yi = . Ai+ 1 . ( 5) 
Equation 5 may be written :tor a 'one plate absorber and a t'l'l·o plate 
absorber. 
y2 + .A y 0 0 
Y3 + AlYl 
A2 + l 
By substituting for Y1 in the last equation and rearranging, one 
obtains the expression: 
Similarly, for three plates 
y = (A1A2 + A2 + L)Y4 + A1A2A0 Y0 
3 A1 A2A3 + A2A3 +A::;+ 1 
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By analogy, the general equation for n plates can be written. 
( A1 A2A3 • • .An-1 +A2A3 • • .An-1 + • • • +An-1 +l)Yn+l +A1A2° • .An-lAoYo y = ( 6) 
n A1A2A3 ••• An+A2A3 ••• An+ ••• + A11 + l 
By use of Equation 4 to substitute for Xn and rearrangement, Equa-
tion 2 becomes 
V ( Y - Y ) = L [(Ln V n+l Y ) - xol 
n+l n+l 1 o L0 mVn n ~ 
By definition of A. as 
1 
Li 
V , the above equation becomes nli i 
or 
L X 
0 0 
=AY -v-
n n n+l 
y - ..!. [y 
n - A11 n+l 
L X~ 0 0 
-Y + -. 1 V 
n+l 
By substitution for Y and reI>lacement of A Y with its equivalent 
. n o o 
from Equation 4, Equation 16 becomes 
Yn+1-Y1 
Yn+l = 
92 
or 
"' ( 7) 
With the use of the following expressions for the sums of geometric 
progressions 
and an"average 
or 
A11+l - A 
A-1 
Il n-1 2 
= A +A +., •• A +A 
An+l - 1 
A-1. = 
n n-1 2 A +A + ••• A +A+l 
absorption factor A, Equation 7 can be 
Yn+l;..; Y1 
= 
yn+l 
An+l - A 
-An+l:: l 
Yn+l - Y1 
Yn+l -Yo 
Yo ~n+l "Aj 
-
Yn+l An+l - 1 
= 
written as 
(8) 
Equation 8 is the form usually referred to as the Kremser-Drown 
equation,, 
Souder and Brown replaced the assumption that Raoult's Law ap-
plied with the assumption of equilibrium between the gas and liquid 
leaving each theoretical plate in the tower. Equation 1 can now be 
written as 
y = Kx 
and Equation 4 becomes 
V· ~ V 1 Xi 0 
n+l 
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Edmister Equations 
Derivation: The Edmister derivation is very similar to the 
derivation shown for the Kr-emser-Brown method until Equation 7 is 
obtained. 
Edmister (2) defined the terms Ae and A' by the following re-
lations: 
A n+l_A 
e e 
A n+l_ 1 
e 
= 
A1A2A3 ••• An+A2A3 ••• A0 + ••• +An ( 9) 
A1 A2A3 •• · .An +A2A3 ••• An+ ••• +An+ 1 
(10) 
Edmister reported that a study of plate to plate results and 
test run data indicated the terms Ae and A1 essentially independent 
of the number of theoretical plates. Theref<>re, the terms Ae and 
A O could be expressed as functions of the top and bottom plate ab-
sorption factors. By writing the above equations for a two plate 
absorber 9 the following expressions are obtained. 
A' = 
3 Ae -Ae 
A3 e -1 
= 
An (A1 + 1) 
An(A1 + 1) + 1 
A~ An+ 1 
1 J = An ( A 1 + 1) + 1 
An(A1+l)+l 
An(A1 + 1) 
An(A1 + 1) 
An+ 1·. 
An(Al + 1) 
= An(A1 + 1) + 1 
(11) 
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A 3 A Al +A 3 A +A 3 - A A A1 -A A -A en en e en en e 
3 3 
= A A A1 +A A -A A1- A e n e n n n 
A 3 - A A A - A A ·-;;,. A + A A + A = 0 
e enl en e nl n 
One root of this equation is Ae = 1 but has no significance. 
The remaining are one negative and one positive root. 
-1.:VI + 4An(A1 + 1) 
Ae = 2 
By definition, A equals L/KV. The terms L, K, and V are positive 
values" The r_esult is that the quantity L/KV or A is positive, 
This fact allows the negative root to be disregarded. From the 
previous equation, the positive roots of A are represented by the 
following equ~tion" 
(12) 
By use of Equations 11 and 12, Equation 7 can be written as 
y . -Y 
n+l 1 (13) 
Yn+l 
The stripping factor is defined as S = Ki or the reciprocal of 
the absorption factor" By steps analogous to those presented above, 
expressions for stripping calculations of the Kremser-Brown and 
Edmister methods can be obtainedo These equations will not be de-
rived but are presented below. 
E = s 
Vy 
0 0 
-:, L . X 
m+l m+l 
. o m o m . m ~ s2s~ ... S + S~ ~ • '. S + ••• + S + 1 j 
= sm+l -1 
s' = 
95 
( 7') 
( 8') 
(11 ') 
(12') 
(13 ') 
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BLOCK DIAGRAM OF ABSORBER CALCULATION 
KREMSER-BROWN SECTION 
l 
START 
1 
Load, Punch, and Float all 
Input Data 
1 
BB - Assume a Rich Oil Temperature -
1 
' 
C 
Calculate an Average Tower 
Temperature 
l .. 
Calculate 11 A" Factor that gives 
Specifiecll Recovery for Key 
l 
Evaluate A's for each Component 
Ai = AkKk/ICi 
1 
Calculate Lean Oil Rate 
Lo= (Vn+l> (A1tKk) 
j 
_ Calculate Absorption Efficiencies 
(Ea)i AA 
1 
,, 
Calculate Quantity Absorbed 
1 
Is Total Absorption Equal to 
that of Previous Trial? No j T 
97 
No 
~---.... Calculate Lean Oil Rate 
Lo= AkKkVLG 
Go to Position AA 
Material Balance and Heat Balance 
No Is TRo ( Assumed) Equal to 'fRO 
----1 (Calculated by Heat Balance)? 
~--- Go to Position BB o Next Trii.='11 
TRo(Calc) is TRo(Assumed) 
Relocate Data and Punch. 
98 
1----Yes 
EDMIS'l'ER SECTION 
l 
Load Edmister Routine 
l 
Estimat,e Absori,t ion per Plate 
DD- - I:ABS 
n 
.. _., 
1 
. 
Calculate 'I'op and H'I'M Plate 
L/V Ratios 
l 
Calculate ]!'actors A, C'' ;:, ' A I' s• 
Ae, and Se 
l 
Calculate 
A n+l - A ,,, n+l S ;::, -e e 
and e e A n+l _ 
e 1 
-· 
No----1 Is t}mmtity 
Positive? 
s n+l _ 
e 
Evaluate ciuantity Stripped 
~--- Go to Posi tio11 CC 
1 
99 
' 
1---Yes 
CC---~ Calculate Total Net Absorption 
No----< 
Material Balance and Heat Balance 
Is TRo (Assumed) Equal to TRo 
(Calculated by Heat Balance)? 
Go to Position DD .• In Next Trial 
~---- TRo(Calc) is TRo(Assumed) 
Relocate Data and Punch 
STOP 
100 
---Yes 
NOM:l:i:NCLA'l'URE 
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NOMENCLATURE 
L = Mols of liquid 
V = Mols of vapor 
y 
= Mols of a coniponent in the vapor phase per mol of vapor enter-
ing the absorber or stripper 
X = Mols of a component in the liquid phase per mol of liquid en-
tering the absorber or stripper 
G = Oil to gas ratio,gal. per·lOOO standard cubic feet 
K = Equilibrium constant 
q = Equilibrium constant 
ll1 = Equilibrium constant· 
T = Temperature 
A = Effective absorption factor e 
A' = Effective absorption factor 
.6,H = Heat of absorption 
R = Gas constant 
M = Molecular weight 
An(A1 + 1) Ac = An + 1 ., absorption· factor 
A 
E 
a 
L 
= Absorption factor, KV 
= Absorption efficiency 
E = Stripping efficiency 
s 
p' = Partial pressure of solute 
P = Vapor pressure of component 
x = Mol fraction of a component in liquid 
y = Mol fraction of a component in gas 
n = Total pressure 
,LABS = Total mols absorbed 
102 
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s = Effective stripping factor e 
Su 
= Effective stripping factor 
s Stripping factor, KV = L 
7tA :, AlA2A3 • o • A n 
ns = s s s 1 2 3 ••• Sn 
¢A 1 = 
~A+ 1 
f5s l = 
~s + 1 
~ ~ 1tA ~ = LA + 
Ws ~ ns J -· - rs + 
Subscripts 
1, 2, 3 ••• n = Plate numbers - top to bottom :for absorbers 
1, 2 j 3 ••• m = Plate nwnbers - bottom to top for stripper,s 
o = Reference to solvent oil in absorbers. Reference to stripping 
medium in strippers. Also, indicates top tower conditions for 
an absorber or bottom tower conditions for a stripper. 
n+l = Refers to wet gas or rich gas entering an absorber; refers 
to the rich oil entering a stripper 
i = Any random plate 
k = Reference to "key" component or specified component 
LG= Reference to lean gas 
LO= Reference to lean oil 
RO = l~eference to rich oil 
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